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This book provides medieal students, dental students, allied 
health stndents, and nnrsing stndents with a basie knowl- 
edge of anatomy that is elinieally relevant. 

In this new edition, fnrther efforts have been made to 
weed out unnecessary material and reduce the size of the 
text. The following ehanges have been introdneed. 

1. The text and tables have been reviewed and trimmed 
where neeessary. 

2. All the illnstrations have been reviewed and some 
have been disearded where dnplieation occurs. 

3. The anatomy of eommon medieal proeednres has 
been earefnlly reviewed. Seetions on the eompliea- 
tions caused by the ignoranee of normal anatomy 
have been retained. 

4. The eiinieal Problems and Review Questions are 
available online at www.thePoint.lww.com/Snell9e 

Eaeh ehapter of Clinical Anatomy is eonstrneted in a 
similar manner. This gives stndents ready aeeess to mate- 
rial and faeilitates moving from one part of the book to 
another. Eaeh ehapter is divided into the following eatego- 
ries: 

1. eiinieal Example: A short ease report that dramatizes 
the relevanee of anatomy in medieine introdnees eaeh 
ehapter. 

2. ehapter Objeetives: This seetion foenses the stndent on 
the material that is most important to learn and under- 
stand in eaeh ehapter. It emphasizes the basie structures 
in the area being stndied so that, onee mastered, the stu- 
dent is easily able to build up his or her knowledge base. 
This seetion also points out structures on which exam- 
iners have repeatedly asked questions. 


3. Basie eiinieal Anatomy: This seetion provides basie 
information on gross anatomie structures that are of 
elinieal importanee. Numerous examples of normal 
radiographs, CT seans, MRI stndies, and sonograms are 
also provided. Labeled photographs of eross-seetional 
anatomy of the head, neek, and trunk are inelnded to 
stimnlate stndents to think in terms of three-dimen- 
sional anatomy, which is so important in the interpreta- 
tion of imaging stndies. 


4. Surface Anatomy: This seetion provides snrfaee land- 
marks of important anatomie structures, many of which 
are loeated some distanee beneath the skin. This seetion 
is important beeanse most praetieing medieal personnel 
seldom expIore tissnes to any depth beneath the skin. 


5. eiinieal Problem Solving and Review Questions: 


Available online at www.thePoint.lww.com, the 
pnrpose of these questions is threefold: to focus atten- 
tion on areas of importanee, to enable stndents to assess 
their areas of weakness, and to provide a form of self- 
evalnation for questions asked under examination eon- 
ditions. Many of the questions are eentered around a 
elinieal problem that requires an anatomie answer. 


To assist in the quick understanding of anatomie faets, 
the book is heavily illnstrated. Most fignres have been kept 
simple, and eolor has been used extensively. Illnstrations 
snmmarizing the nerve and blood supply of regions have 
been retained, as have overviews of the distribntion of era- 
nial nerves. 
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A 65-year-old man was admitted to the emergeney department eomplaining of the sudden 

onset of a severe crushing pain over the front of the ehest spreading down the left arm 
and up into the neek and jaw. On questioning, he said that he had had several attaeks of 
pain before and that they had always occurred when he was elimbing stairs or digging in the gar- 
den. Previously, he found that the diseomfort disappeared with rest after about 5 minutes. On this 
oeeasion, the pain was more severe and had occurred spontaneously while he was sitting in a 
ehair; the pain had not disappeared. 

The initial episodes of pain were angina, a form of eardiae pain that occurs on exertion and disap- 
pears on rest; it is caused by narrowing of the eoronary arteries so that the eardiae muscle has insuf- 
fieient blood. The patient has now experienced myoeardial infaretion, in which the eoronary blood flow 
is suddenly reduced or stopped and the eardiae muscle degenerates or dies. Myoeardial infaretion is 
the major cause of death in industrialized nations. Glearly, knowledge of the blood supply to the heart 
and the arrangement of the eoronary arteries is of paramount importanee in making the diagnosis and 
treating this patient. 
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m It is essential that students understand the terms used for 
deseribing the structure and function of different regions of 
gross anatomy. Without these terms, it is impossible to deseribe 
in a meaningful way the eomposition of the body. Moreover, the 
physieian needs these terms so that anatomie abnormalities 


found on elinieal examination of a patient ean be accurately 
reeorded. 

■ This ehapter also introduces some of the basie structures that 
eompose the body, such as skin, faseia, muscles, bones, and 
blood vessels. 
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Basig Anatomy 


Anatomy is the seienee of the strnetnre and fnnetion of the 
body. 

eiinieal anatomy is the stndy of the maeroseopie strne- 
ture and hmetion of the body as it relates to the praetiee of 
medieine and other health seienees. 

Basie anatomy is the study of the minimal amount of 
anatomy eonsistent with the nnderstanding of the overall 
structure and fnnetion of the body. 


Deseriptive Anatomie Terms 

It is important for medieal personnel to have a sound 
knowledge and nnderstanding of the basie anatomie terms. 
With the aid of a medieal dietionary you will find that 
nnderstanding anatomie terminology greatly assists you in 
the learning proeess. 

The aeenrate use of anatomie terms by medieal person- 
nel enables them to eommnnieate with their eolleagnes both 
nationally and internationally. Without anatomie terms, one 


eannot aeenrately disenss or reeord the abnormal fimetions 
of joints, the aetions of mnseles, the alteration of position of 
organs, or the exact loeation of swellings or tumors. 

Terms Related to Position 

All deseriptions of the human body are based on the 
assnmption that the person is standing ereet, with the upper 
limbs by the sides and the faee and palms of the hands 
direeted forward (Fig. 1.1). This is the so-ealled anatomie 
position. The varions parts of the body are then deseribed 
in relation to eertain imaginary planes. 

Median Sagittal Plane 

This is a vertieal plane passing throngh the eenter of 
the body dividing it into equal right and left halves 
(see Fig. 1.1). Planes sitnated to one or the other side of 
the median plane and parallel to it are termed paramedian. 
A structure situated nearer to the median plane of the body 
than another is said to be medial to the other. Similarly a 
structure that lies farther away from the median plane than 
another is said to be lateral to the other. 
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FIGURE 1.1 Anatomie terms used in relation to position. Note that the subjects are standing in the anatomie position. 
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Goronal Planes 

These planes are imaginary vertieal planes at right angles to 
the median plane (see Fig. 1.1). 

Horizontal, orTransverse, Planes 

These planes are at right angles to both the median and the 
eoronal planes (see Fig. 1.1). 

The terms anterior and posterior are used to indieate 
the front and baek of the body, respeetively (see Fig. 1.1). 
To deseribe the relationship of two structures, one is said to 
be anterior or posterior to the other insofar as it is eloser to 
the anterior or posterior body snrfaee. 

In deseribing the hand, the terms palmar and dorsal 
snrfaees are used in plaee of anterior and posterior, and in 
deseribing the foot, the terms plantar and dorsal snrfaees 
are used instead of lower and upper smfaees (see Fig. 1.1). 
The terms proximal and distal deseribe the relative distanees 
from the roots of the limbs; for example, the arm is proximal 
to the forearm and the hand is distal to the forearm. 

The terms snperfieial and deep denote the relative 
distanees of structures from the surface of the body, and 
the terms snperior and inferior denote levels relatively 
high or low with referenee to the upper and lower ends 
of the body. 

The terms internal and external are used to deseribe the 
relative distanee of a structure from the eenter of an organ 
or eavity; for example, the internal earotid artery is found 
inside the eranial eavity and the external earotid artery is 
found ontside the eranial eavity. 

The term ipsilateral refers to the same side of the body; 
for example, the left hand and the left foot are ipsilateral. 
Gontralateral refers to opposite sides of the body; for 
example, the left bieeps braehii muscle and the right rectus 
femoris muscle are eontralateral. 

The snpine position of the body is lying on the baek. 
The prone position is lying faee downward. 

Terms Related to Movement 

A site where two or more bones eome together is known 
as a joint. Some joints have no movement (sutures of the 
skull), some have only slight movement (snperior tibiofib- 
ular joint), and some are freely movable (shonlder joint). 

Flexion is a movement that takes plaee in a sagittal 
plane. For example, flexion of the elbow joint approxi- 
mates the anterior snrfaee of the forearm to the anterior 
snrfaee of the arm. It is usually an anterior movement, but 
it is oeeasionally posterior, as in the ease of the knee joint 
(see Fig. 1.2). Extension means straightening the joint and 
usually takes plaee in a posterior direetion (see Fig. 1.2). 
Lateral flexion is a movement of the trunk in the eoronal 
plane (Fig. 1.3). 

Abdnetion is a movement of a limb away from the mid- 
line of the body in the eoronal plane (see Fig. 1.2). 

Addnetion is a movement of a limb toward the body in the 
eoronal plane (see Fig. 1.2). In the fingers and toes, abdnetion 
is applied to the spreading of these structures and addnetion 
is applied to the drawing together of these structures (see 
Fig. 1.3). The movements of the thumb (see Fig. 1.3), which 
are a little more eomplieated, are deseribed on page 413. 


Rotation is the term applied to the movement of a 
part of the body around its long axis. Medial rotation is 
the movement that resnlts in the anterior snrfaee of the 
part faeing medially. Lateral rotation is the movement 
that resnlts in the anterior snrfaee of the part faeing 
laterally. 

Pronation of the forearm is a medial rotation of the 
forearm in such a manner that the palm of the hand faees 
posteriorly (see Fig. 1.3). Snpination of the forearm is a 
lateral rotation of the forearm from the pronated posi- 
tion so that the palm of the hand eomes to faee anteriorly 
(see Fig. 1.3). 

Circumduction is the eombination in sequence of the 
movements of fiexion, extension, abdnetion, and adduc- 
tion (see Fig. 1.2). 

Protraetion is to move forward; retraetion is to move 
backward (used to deseribe the forward and backward 
movement of the jaw at the temporomandibnlar joints). 

Inversion is the movement of the foot so that the sole 
faees in a medial direetion (see Fig. 1.3). Eversion is the 
opposite movement of the foot so that the sole faees in a 
lateral direetion (see Fig. 1.3). 

Basie Structures 
Skin 

The skin is divided into two parts: the snperfieial part, the 
epidermis; and the deep part, the dermis (Fig. 1.4). The 
epidermis is a stratified epithelinm whose eells beeome fiat- 
tened as they mature and rise to the snrfaee. On the palms of 
the hands and the soles of the feet, the epidermis is extremely 
thiek, to withstand the wear and tear that occurs in these 
regions. In other areas of the body, for example, on the ante- 
rior snrfaee of the arm and forearm, it is thin. The dermis is 
eomposed of dense eonneetive tissue eontaining many blood 
vessels, lymphatie vessels, and nerves. It shows eonsiderable 
variation in thiekness in different parts of the body, tending 
to be thinner on the anterior than on the posterior snrfaee. 
It is thinner in women than in men. The dermis of the skin 
is eonneeted to the nnderlying deep faseia or bones by the 
superficial faseia, otherwise known as subcutaneous tissue. 

The skin over joints always folds in the same plaee, the 
SKIN GREASES (Fig. 1.5). At these sites, the skin is thinner 
than elsewhere and is firmly tethered to nnderlying struc- 
tures by strong bands of fibrons tissue. 

The appendages of the skin are the nails, hair follieles, 
sebaeeons glands, and sweat glands. 

The nails are keratinized plates on the dorsal snrfaees of 
the tips of the fingers and toes. The proximal edge of the 
plate is the root of the nail (see Fig. 1.5). With the exception 
of the distal edge of the plate, the nail is surrounded and 
overlapped by folds of skin known as nail folds. The sur- 
faee of skin eovered by the nail is the nail bed (see Fig. 1.5). 

Hairs grow out of follieles, which are invaginations 
of the epidermis into the dermis (see Fig. 1.4). The folli- 
eles lie obliquely to the skin snrfaee, and their expanded 
extremities, ealled hair bulbs, penetrate to the deeper part 
of the dermis. Eaeh hair bulb is eoneave at its end, and the 
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FIGURE 1.2 Some anatomie terms used in relation to movement. Note the differenee betvveen flexion of the elbovv and that 
of the knee. 


eoneavity is oeenpied by vasenlar eonneetive tissne ealled 
hair papilla. A band of smooth mnsele, the arreetor pili, 
eonneets the nndersnrfaee of the folliele to the snperfieial 
part of the dermis (see Fig. 1.4). The mnsele is innervated 
by sympathetie nerve fibers, and its eontraetion eanses the 


hair to move into a more vertieal position; it also eom- 
presses the sebaeeons gland and eanses it to extrude some 
of its seeretion. The pull of the muscle also causes dimpling 
of the skin snrfaee, so-ealled gooseflesh. Hairs are dis- 
tribnted in varions nnmbers over the whole snrfaee of the 
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FIGURE1.3 Additional anatomie terms used in relation to movement. 


body, except on the lips, the palms of the hands, the sides 
of the fingers, the glans penis and elitoris, the labia minora 
and the internal snrfaee of the labia majora, and the soles 
and sides of the feet and the sides of the toes. 

Sebaceous glands pour their seeretion, the sebum, onto 
the shafts of the hairs as they pass up through the neeks 
of the follieles. They are sitnated on the sloping undersur- 
faee of the follieles and lie within the dermis (see Fig. 1.4). 
Sebum is an oily material that helps preserve the fiexibility 


of the emerging hair. It also oils the snrfaee epidermis 
around the mouth of the folliele. 

Sweat glands are long, spiral, tubular glands distribnted 
over the snrfaee of the body, except on the red margins of 
the lips, the nail beds, and the glans penis and elitoris (see 
Fig. 1.4). These glands extend throngh the fiall thiekness of 
the dermis, and their extremities may lie in the snperfieial 
faseia. The sweat glands are therefore the most deeply pen- 
etrating structures of all the epidermal appendages. 
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FIGURE 1.4 General structure of the skin and its relationship 
to the superficial faseia. Note that hair follieles extend dovvn 
into the deeper part of the dermis or even into the super- 
fieial faseia, vvhereas svveat glands extend deeply into the 
superficial faseia. 



FIGURE1.5 The various skin ereases on the palmar surface 
of the hand and the anterior surface of the vvrist joint.The 
relationship of the nail to other structures of the finger is 
also shovvn. 



e L I N 


e A L 


N 0 T E S 


Skìn infeetìons 

The nail folds, hair follieles, and sebaceous glands are eom- 
mon sites for entranee into the underlying tissues of pathogenie 
organisms such as Staphylococcus aureus. infeetion occurring 
betvveen the nail and the nail fold is ealled a paronyehia. infeetion 
ofthe hairfolliele and sebaceous gland is responsibleforthe eom- 
mon boil. A earbnnele is a staphyloeoeeal infeetion of the superfi- 
eial faseia. Itfrequently occurs in the nape of the neek and usually 
starts as an infeetion of a hair folliele or a group of hair follieles. 

Sebaeeons Cyst 

A sebaeeons eyst is caused by obstruction of the mouth of a 
sebaceous duct and may be caused by damage from a eomb or 
by infeetion. It occurs most frequently on the sealp. 

Sboek 

A patient vvho is in a state of shoek is pale and exhibits goose- 
flesh as a result of overaetivity of the sympathetie system, vvhieh 
causes vasoeonstrietion of the dermal arterioles and eontraetion 
of the arreetor pili muscles. 

Skin Bnrns 

The depth of a burn determines the method and rate of healing. 
A partial-skin-thiekness burn heals from the eells of the hair 


follieles, sebaceous glands, and svveat glands as vvell as from 
the eells atthe edge ofthe burn. A burn that extends deeperthan 
the svveat glands heals slovvly and from the edges only, and eon- 
siderable contracture vvill be caused by fibrous tissue. To speed 
up healing and reduce the ineidenee of contracture, a deep burn 
should be grafted. 

Skín Graftíng 

Skin grafting is of tvvo main types: split-thiekness grafting and 
full-thickness grafting. In a split-thiekness graft, the greater 
part of the epidermis, including the tips of the dermal papillae, 
is removed from the donor site and plaeed on the reeipient site. 
This leaves at the donor site for repair purposes the epidermal 
eells on the sides of the dermal papillae and the eells of the hair 
follieles and svveat glands. 

A full-thickness skin graft includes both the epidermis and the 
dermis and, to survive, requires rapid establishment of a nevv eir- 
culation vvithin it at the reeipient site. The donor site is usually 
eovered vvith a split-thiekness graft. In eertain circumstances, the 
full-thickness graft is made in the form of a pediele graft, in vvhieh 
a flap of full-thickness skin isturned and stitehed in position atthe 
reeipient site, leaving the base of the flap vvith its blood supply 
intaet at the donor site. Later, vvhen the nevv blood supply to the 
graft has been established, the base of the graft is cut aeross. 
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FIGURE 1.6 Seetion through the middle of the right arm 
shovving the arrangement of the superficial and deep faseia. 
Note hovv the fibrous septa extend betvveen groups of 
muscles, dividing the arm into faseial eompartments. 


Faseiae 

The faseiae of the body ean be divided into two types— 
superficial and deep —and lie between the skin and the 
nnderlying mnseles and bones. 

The superficial faseia, or subcutaneous tissue, is a mix- 
ture of loose areolar and adipose tissue that unites the 
dermis of the skin to the nnderlying deep faseia (Fig. 1.6). 
In the sealp, the baek of the neek, the palms of the hands, 
and the soles of the feet, it eontains numerous bundles of 
eollagen fibers that hold the skin firmly to the deeper struc- 
tures. In the eyelids, anriele of the ear, penis and serotnm, 
and elitoris, it is devoid of adipose tissue. 

The deep faseia is a membranous layer of eonneetive tis- 
sue that invests the mnseles and other deep structures (see Fig. 
1.6). In the neek, it forms weU-defined layers that may play an 
important role in determining the path taken by pathogenie 
organisms during the spread of infeetion. In the thorax and 
abdomen, it is merely a thin film of areolar tissue eovering 
the mnseles and aponenroses. In the limbs, it forms a defi- 
nite sheath around the mnseles and other structures, holding 
them in plaee. Fibrons septa extend ffom the deep snrfaee of 
the membrane, between the groups of muscles, and in many 
plaees divide the interior of the limbs into eompartments (see 
Fig. 1.6). In the region of joints, the deep faseia may be eonsid- 
erably thiekened to form restraining bands caUed retinacula 
(Fig. 1.7). Their fimetion is to hold nnderlying tendons in posi- 
tion or to serve as puUeys around which the tendons may move. 



Faseiae and infeetion 

A knovvledge of the arrangement of the deep faseiae often 
helps explain the path taken by an infeetion vvhen it spreads 
from its primary site. In the neek, for example, the varioos 
faseial planes explain hovv infeetion ean extend from the 
region of the floor of the mouth to the larynx. 

V___ J 



FIGURE 1.7 Extensor retinaculum on the posterior surface 
of the vvrist holding the underlying tendons of the extensor 
muscles in position. 

Muscle 

The three types of muscle are skeletal, smooth, and eardiae. 

Skeletal Muscle 

Skeletal muscles produce the movements of the skeleton; 
they are sometimes ealled voluntary muscles and are made 
up of striped muscle fibers. A skeletal muscle has two or 
more attaehments. The attaehment that moves the least is 
referred to as the origin, and the one that moves the most, 
the insertion (Fig. 1.8). Under varying eirenmstanees, the 


origin 




gastrocnemius 


insertion 


FIGURE1.8 Orig in, insertion, and belly of the gastrocnemius 
muscle. 
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eonnnnon tendon for the insertion external oblique aponeurosis 
of the gastroenemios and 
soleus muscles 



raphe of mylohyoid muscles 


FIGURE 1.9 Examples of (A) a tendon, (B) an aponeurosis, 
and (0 a raphe. 

degree of mobility of the attaehments may be reversed; 
therefore, the termsorigin andinsertion are interehangeable. 

The fleshy part of the mnsele is referred to as its belly 
(see Fig. 1.8). The ends of a mnsele are attaehed to bones, 
eartilage, or ligaments by eords of flbrons tissne ealled 
tendons (Fig. 1.9). Oeeasionally, flattened mnseles are 
attaehed by a thin but strong sheet of flbrous tissue ealled 
an aponenrosis (see Fig. 1.9). A raphe is an interdigita- 
tion of the tendinons ends of flbers of flat mnseles (see 
Fig. 1.9). 

Internal Structure of Skeletal Muscle 

The muscle flbers are bound together with delieate areolar 
tissue, which is eondensed on the snrfaee to form a flbrons 
envelope, the epimysinm. The individnal flbers of a muscle 
are arranged either parallel or oblique to the long axis of the 
muscle (Fig. 1.10). Because a muscle shortens by one third 
to one half its resting length when it eontraets, it follows 


that mnseles whose flbers run parallel to the line of pull 
will bring about a greater degree of movement eompared 
with those whose flbers run obliquely. Examples of muscles 
with parallel flber arrangements (see Fig. 1.10) are the ster- 
noeleidomastoid, the rectus abdominis, and the sartorins. 

Mnseles whose flbers run obliquely to the line of pull are 
referred to as pennate mnseles (they resemble a feather) 
(see Fig. 1.10). A nnipennate mnsele is one in which the 
tendon lies along one side of the muscle and the muscle 
flbers pass obliquely to it (e.g., extensor digitornm lon- 
gus). A bipennate mnsele is one in which the tendon lies 
in the eenter of the muscle and the muscle flbers pass to it 
from two sides (e.g., rectus femoris). A mnltipennate mus- 
ele may be arranged as a series of bipennate mnseles lying 
alongside one another (e.g., aeromial flbers of the deltoid) 
or may have the tendon lying within its eenter and the mus- 
ele flbers passing to it from all sides, eonverging as they go 
(e.g., tibialis anterior). 

For a given volume of muscle substance, pennate mus- 
eles have many more flbers eompared to mnseles with par- 
allel flber arrangements and are therefore more powerful; 
in other words, range of movement has been saerifleed for 
strength. 

Skeletal MuscleAction 

All movements are the result of the eoordinated aetion of 
many mnseles. However, to nnderstand a muscle s aetion, it 
is neeessary to study it individually. 

A muscle may work in the following four ways: 

Prime mover: A muscle is a prime mover when it is the 
ehief muscle or member of a ehief group of muscles 
responsible for a partienlar movement. For example, the 
quadriceps femoris is a prime mover in the movement 
of extending the knee joint (Fig. 1.11). 

Antagonist: Any muscle that opposes the aetion of the 
prime mover is an antagonist. For example, the bieeps 
femoris opposes the aetion of the quadriceps femoris 
when the knee joint is extended (see Fig. 1.11). Before a 
prime mover ean eontraet, the antagonist muscle must 
be equally relaxed; this is brought about by nervous 
reflex inhibition. 

Fixator: A flxator eontraets isometrieally (i.e., eontraetion 
inereases the tone but does not in itself prodnee move- 
ment) to stabilize the origin of the prime mover so that it 
ean aet effieiently. For example, the mnseles attaehing the 
shonlder girdle to the trunk eontraet as fixators to allow 
the deltoid to aet on the shonlder joint (see Fig. 1.11). 
Synergist: In many loeations in the body, the prime mover 
muscle erosses several joints before it reaehes the joint at 
which its main aetion takes plaee. To prevent unwanted 
movements in an intermediate joint, groups of muscles 
ealled synergists eontraet and stabilize the intermediate 
joints. For example, the flexor and extensor mnseles of 
the carpus eontraet to fix the wrist joint, and this allows 
the long flexor and the extensor mnseles of the fingers to 
work effieiently (see Fig. 1.11). 

These terms are applied to the aetion of a partienlar mus- 
ele during a partienlar movement; many mnseles ean aet 
as a prime mover, an antagonist, a fixator, or a synergist, 
depending on the movement to be aeeomplished. 























Basie Anatomy 9 



quadrilateral strap strap with 

tendinous 

interseetions 



fusiform 


two bellies 


two headed 



triangular 



unipennate 



bipennate 


multipennate 




relaxed 



eontraeted 


FIGLIRE 1.10 Different forms of the internal structure of skeletal muscle. A relaxed and a eontraeted muscle are also shovvn; 
note hovv the muscle fibers, on eontraetion, shorten by one third to one half of their resting length. Note also hovv the mus- 
ele svvells. 


Muscles ean even eontraet paradoxically, for example, 
when the bieeps braehii, a flexor of the elbow joint, eon- 
traets and eontrols the rate of extension of the elbow when 
the trieeps braehii eontraets. 

Nerve Supply of Skeletal Muscle 

The nerve trunk to a muscle is a mixed nerve, about 
60% is motor and 40% is sensory, and it also eontains 
some sympathetie antonomie fibers. The nerve enters 
the muscle at about the midpoint on its deep snrfaee, 


often near the margin; the plaee of entranee is known 
as the motor point. This arrangement allows the mus- 
ele to move with minimum interferenee with the nerve 
trunk. 

Naming of Skeletal Muscles 

Individnal mnseles are named aeeording to their shape, 
size, number of heads or bellies, position, depth, attaeh- 
ments, or aetions. Some examples of muscle names are 
shown in Table 1.1. 



MuscleTone 

Determination of the tone of a muscle is an important elinieal 
examination. If a muscle is flaeeid, then either the afferent, the 
efferent, or both neurons involved in the reflex are neeessary for 
the production of muscle tone have been interrupted. For example, 
if the nerve trunk to a muscle is severed, both neurons will have 
been interrupted. If poliomyelitis has involved the motor anterior 
horn eells at a level in the spinal eord that innervates the muscle, 
the efferent motor neurons will not function. If, eonversely, the 
muscle is found to be hypertonie, the possibility exists of a lesion 
involving higher motor neurons in the spinal eord or brain. 

Muscle Attaehments 

The importanee of knowing the main attaehments of all the major 
muscles of the body need not be emphasized. Only with such 


knowledge is it possible to understand the normal and abnormal 
aetions of individual muscles or muscle groups. How ean one 
even attempt to analyze, for example, the abnormal gait of a 
patient withoutthis information? 

Muscle Shape and Form 

The general shape and form of muscles should also be noted, 
sinee a paralyzed muscle or one that is not used (such as 
occurs when a limb is immobilized in a east) quickly atrophies 
and ehanges shape. In the ease of the limbs, it is always worth 
remembering that a muscle on the opposite side of the body ean 
be used for eomparison. 
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quadriceps 



bieeps fennoris 


bieeps fennoris 


A 



quadriceps 


B 


rhonnboid nninor 



rhomboid major 


scapula 


e 


rhomboid 



deltoid 


serratus 

anterior 


extensor digitorum 



D 


flexor digitorum 
profundus 


extensor earpi 
radialis 


flexor earpi 
radialis 


FIGURE 1.11 Different types of muscle aetion. A. Quadriceps femoris extending the knee as a prime mover, and bieeps femo- 
ris aeting as an antagonist. B. Bieeps femoris flexing the knee as a prime mover, and quadriceps aeting as an antagonist. 
e. Muscles around shoulder girdle fixing the scapula so that movement of abduction ean take plaee at the shoulder joint. 

D. Flexor and extensor muscles of the carpus aeting as synergists and stabilizing the carpus so that long flexor and extensor 
tendons ean flex and extend the fingers. 


Smooth Muscle 

Smooth muscle eonsists of long, spindle-shaped eells elosely 
arranged in bundles or sheets. In the tubes of the body, it 
provides the motive power for propelling the eontents 
throngh the lumen. In the digestive system, it also causes 
the ingested food to be thoronghly mixed with the digestive 
juices. A wave of eontraetion of the eirenlarly arranged fib- 
ers passes along the tube, milking the eontents onward. By 
their eontraetion, the longitndinal fibers pull the wall of the 
tube proximally over the eontents. This method of propul- 
sion is referred to as peristalsis. 

In storage organs such as the urinary bladder and the 
uterus, the fibers are irregularly arranged and interlaeed 


with one another. Their eontraetion is slow and snstained 
and brings about expulsion of the eontents of the organs. 
In the walls of the blood vessels, the smooth muscle fibers 
are arranged eirenlarly and serve to modify the ealiber of 
the lumen. 

Depending on the organ, smooth muscle fibers may 
be made to eontraet by loeal stretehing of the fibers, by 
nerve impnlses from antonomie nerves, or by hormonal 
stimnlation. 

eardiae Muscle 

Gardiae muscle eonsists of striated muscle fibers that 
braneh and unite with eaeh other. It forms the myoeardinm 
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TABLE 1.1 1 

Naming of Skeletal Mnseles^ 




Name 

Shape 

Size 

Number of 
Heads or 
Bellies 

Position 

Depth 

•i 

1 

! 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Attaehments Aetions 

Deltoid 

Triangular 






Teres 

Round 






Reetos 

Straight 






Major 


Large 





Latissimos 


Broadest 





Longissimos 

Bieeps 


Longest 

Two heads 




Onadrieeps 



Four heads 




Digastrie 



Two bellies 




Peetoralis 




Of the ehest 



Snpraspinatns 




Above spine 
of scapula 



Braehii 




Ofthe arm 



Profnndns 





Deep 


Snperfieialis 





Superficial 


Externus 





External 


Sternoeleidomastoid 






From sternum and 
elaviele to mastoid 







proeess 

Coracobrachialis 






From eoraeoid 







proeess to arm 

Extensor 






Extend 

Flexor 






Flex 

Gonstrietor 






Gonstriet 


^These names are eommonly used in eombination, for example, flexor pollieis longus (long flexor of the thumb). 


of the heart. Its fibers tend to be arranged in whorls and 
spirals, and they have the property of spontaneons and 
rhythmie eontraetion. Speeialized eardiae mnsele fibers 
form the conducting system of the heart. 

Gardiae mnsele is snpplied by antonomie nerve fibers 
that terminate in the nodes of the eondneting system and 
in the myoeardinm. 






Joints 

A site where two or more bones eome together, whether 
or not movement oeenrs between them, is ealled a joint. 
Joints are elassified aeeording to the tissnes that lie between 
the bones: fibrons joints, eartilaginons joints, and synovial 
joints. 

Fibrous Joints 

The artienlating snrfaees of the bones are joined by fibrons 
tissne (Fig. 1.12), and thus very little movement is possible. 
The sutures of the vault of the skull and the inferior tibi- 
ofibnlar joints are examples of fibrons joints. 

Cairtilaginous Joints 

Cartilaginous joints ean be divided into two types: primary 
and seeondary. A primary cartilaginous joint is one in 
which the bones are united by a plate or a bar of hyaline 
eartilage. Thus, the union between the epiphysis and the 



e L I N 


e A L 


N 0 T E S 


Neerosis of Gardiae Mosele 

The eardiae muscle reeeives its blood supply from the eoro- 
nary arteries. A sudden bloek of one of the large branehes of a 
eoronary artery will inevitably lead to neerosis of the eardiae 
muscle and often to the death of the patient. 
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vertebral column 
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FIGURE 1.12 Examples of three types of joints. A. Fibrous joint (eoronal suture of skull). B. Cartilaginous joint (joint betvveen 
tvvo lumbar vertebral bodies). C. Synovial joint (hip joint). 


diaphysis of a growing bone and that between the Ist rib 
and the mannbrinm sterni are examples of such a joint. No 
movement is possible. 

A seeondary eartilaginons joint is one in which the 
bones are united by a plate of fibroeartilage and the articu- 
lar surfaces of the bones are eovered by a thin layer of hya- 
line eartilage. Examples are the joints between the vertebral 
bodies (see Fig. 1.12) and the symphysis pnbis. A small 
amount of movement is possible. 


Synovial Joints 

The artienlar snrfaees of the bones are eovered by a thin layer 
of hyaline eartilage separated by a joint eavity (see Fig. 1.12). 
This arrangement permits a great degree of freedom of 
movement. The eavity of the joint is lined by synovial 
membrane, which extends from the margins of one articu- 
lar surface to those of the other. The synovial membrane 
is proteeted on the ontside by a tough fibrous membrane 
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referred to as the capsule of the joint. The artienlar snrfaees 
are inbrieated by a viseons finid ealled synovial fluid, which 
is produced by the synovial membrane. In eertain synovial 
joints, for example, in the knee joint, dises or wedges of 
fibroeartilage are interposed between the articular surfaces 
of the bones. These are referred to as articular dises. 

Fatty pads are found in some synovial joints lying 
between the synovial membrane and the fibrons eapsnle 
or bone. Examples are found in the hip (see Fig. 1.12) and 
knee joints. 

The degree of movement in a synovial joint is limited 
by the shape of the bones partieipating in the joint, the 
eoming together of adjaeent anatomie structures (e.g., the 
thigh against the anterior abdominal wall on fiexing the 
hip joint), and the presenee of fibrons ligaments nniting 
the bones. Most ligaments lie ontside the joint eapsnle, but 
in the knee some important ligaments, the cruciate liga- 
ments, lie within the eapsnle (Fig. 1.13). 

Synovial joints ean be elassified aeeording to the arrange- 
ment of the artienlar snrfaees and the types of movement 
that are possible. 

■ Plane joints: In plane joints, the apposed artienlar sur- 
faees are fiat or almost fiat, and this permits the bones 
to slide on one another. Examples of these joints are the 
sternoelavienlar and aeromioelavienlar joints (Fig. 1.14). 

■ Hinge joints: Hinge joints resemble the hinge on a door, 
so that fiexion and extension movements are possible. 
Examples of these joints are the elbow, knee, and ankle 
joints (see Fig. 1.14). 

■ Pivot joints: In pivot joints, a eentral bony pivot is sur- 
rounded by a bony-ligamentous ring (see Fig. 1.14), and 
rotation is the only movement possible. The atlantoaxial 
and snperior radionlnar joints are good examples. 

■ Gondyloid joints: Gondyloid joints have two distinet 
convex snrfaees that artienlate with two eoneave sur- 
faees. The movements of fiexion, extension, abduc- 
tion, and addnetion are possible together with a small 
amount of rotation. The metaearpophalangeal joints or 
knnekle joints are good examples (see Fig. 1.14). 


■ Ellipsoid joints: In ellipsoid joints, an elliptieal convex 
artienlar snrfaee fits into an elliptieal eoneave artienlar 
snrfaee. The movements of fiexion, extension, abdnetion, 
and addnetion ean take plaee, but rotation is impossible. 
The wrist joint is a good example (see Fig. 1.14). 

■ Saddle joints: In saddle joints, the artienlar snrfaees are 
reeiproeally concavoconvex and resemble a saddle on 
a horse s baek. These joints permit flexion, extension, 
abdnetion, addnetion, and rotation. The best example 
of this type of joint is the earpometaearpal joint of the 
thumb (see Fig. 1.14). 

■ Ball-and-soeket joints: In ball-and-soeket joints, a ball- 
shaped head of one bone fits into a soeketlike eoneavity 
of another. This arrangement permits free movements, 
inelnding fiexion, extension, abdnetion, addnetion, 
medial rotation, lateral rotation, and circumduction. 
The shonlder and hip joints are good examples of this 
type of joint (see Fig. 1.14). 

Stability of Joints 

The stability of a joint depends on three main faetors: the 
shape, size, and arrangement of the artienlar snrfaees; the 
ligaments; and the tone of the mnseles around the joint. 

Artieylar Surfaces 

The ball-and-soeket arrangement of the hip joint (see 
Fig. 1.13) and the mortise arrangement of the ankle joint 
are good examples of how bone shape plays an important 
role in joint stability. Other examples of joints, however, 
in which the shape of the bones eontribntes little or noth- 
ing to the stability inelnde the aeromioelavienlar joint, the 
ealeaneoenboid joint, and the knee joint. 

Ligaments 

Fibrous ligaments prevent excessive movement in a joint 
(see Fig. 1.13), but if the stress is continued for an excessively 
long period, then fibrons ligaments streteh. For example, the 
ligaments of the joints between the bones forming the arehes 
of the feet will not by themselves snpport the weight of the 
body. Should the tone of the mnseles that normally snpport 


hemispherieal 
head of femur 



A 


hip joint 


cup-shaped 

acetabulum 
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knee joint 
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FIGURE 1.13 The three main faetors responsible for stabilizing a joint. A. Shape of articular surfaces. B. Ligaments. C. Muscle tone. 
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FIGURE 1.14 Examples of different types of synovial joints. A. Plane joints (sternoclavicular and acromioclavicular joints). 

B. Hinge joint (elbovv joint). C. Pivot joint (atlantoaxial joint). D. Gondyloid joint (metaearpophalangeal joint). E. Ellipsoid joint 
(vvrist joint). F. Saddle joint (earpometaearpal joint of the thumb). G. Ball-and-soeket joint (hip joint). 


the arehes beeome impaired by fatigue, then the ligaments 
will streteh and the arehes will eollapse, producing ílat feet. 

Elastie ligaments, eonversely, return to their original length 
after stretehing. The elastie ligaments of the anditory ossieles 
play an aetive part in snpporting the joints and assisting in the 
return of the bones to their original position after movement. 


MuscleTone 

In most joints, muscle tone is the major faetor eontrolling 
stability. For example, the muscle tone of the short mnseles 
around the shonlder joint keeps the hemispherieal head of 
the humerus in the shallow glenoid eavity of the seapnla. 
Without the aetion of these mnseles, very little foree would 
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be required to disloeate this joint. The knee joint is very 
unstable without the tonie aetivity of the quadriceps fem- 
oris muscle. The joints between the small bones forming 
the arehes of the feet are largely snpported by the tone of 
the mnseles of the leg, whose tendons are inserted into the 
bones of the feet (see Fig. 1.13). 


Nerve Supply of Joints 

The eapsnle and ligaments reeeive an abnndant sensory 
nerve supply. A sensory nerve snpplying a joint also sup- 
plies the muscles moving the joint and the skin overlying 
the insertions of these mnseles, a faet that has been eodified 

as Hilton’s law. 



e L I N 


e A L 
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Examínatíon of Joints 

When examining a patient, the elinieian should assess the nor- 
mal range of movement of all joints. When the bones of a joint 
are no longer in their normal anatomie relationship with one 
another, then the joint is said to be disloeated. Some joints are 
particularly susceptible to disloeation because of laek of sup- 
port by ligaments, the poor shape of the articular surfaces, or 
the absenee of adequate muscular support. The shoulder joint, 
temporomandibular joint, and acromioclavicular joints are good 
examples. Disloeation of the hip is usually eongenital, being 
caused by inadequate development of the soeket that normally 
holds the head of the femur firmly in position. 

The presenee of cartilaginous dises within joints, espeeially 
weightbearing joints, as inthe ease of the knee, makesthem par- 
ticularly susceptible to injury in sports. During a rapid movement, 
the dise loses its normal relationship to the bones and beeomes 
crushed between the weightbearing surfaces. 


In eertain diseases ofthe nervous system (e.g.,syringomyelia), 
the sensation of pain in a joint is lost. This means that the warn- 
ing sensations of pain felt when a joint moves beyond the nor- 
mal range of movement are not experienced. This phenomenon 
results in the destruction of the joint. 

The knowledge of the elassifieation of joints is of great value 
because, for example, eertain diseases affeet only eertain types 
of joints. Gonoeoeeal arthritis affeets large synovial joints such 
as the ankle, elbow, or wrist, whereas tuberculous arthritis also 
affeets synovial joints and may start in the synovial membrane 
or in the bone. 

Remember that more than one joint may reeeive the same 
nerve supply. For example, both the hip and knee joints are sup- 
plied by the obturator nerve. Thus, a patient with disease limited 
to one of these joints may experience pain in both. 



Ligaments 


Bnrsae 


A ligament is a eord or band of eonneetive tissne nniting 
two structures. Gommonly found in assoeiation with joints, 
ligaments are of two types. Most are eomposed of dense 
bundles of eollagen fibers and are unstretchable under nor- 
mal eonditions (e.g., the iliofemoral ligament of the hip 
joint and the eollateral ligaments of the elbow joint). The 
seeond type is eomposed largely of elastie tissues and ean 
therefore regain its original length after stretehing (e.g., the 
ligamentnm fiavum of the vertebral column and the ealea- 
neonavicular ligament of the foot). 



Damage to Lìgaments 

Joint ligaments are very prone to excessive stretehing and 
even tearing and rupture. If possible, the apposing damaged 
surfaces of the ligament are brought together by positioning 
and immobilizing the joint. In severe injuries, surgical approxi- 
mation of the cut ends may be required. The blood elot at the 
damaged site is invaded by blood vessels and fibroblasts. The 
fibroblasts lay down new eollagen and elastie fibers, which 
beeome oriented along the lines of meehanieal stress. 

V___ J 


A bursa is a lubricating deviee eonsisting of a elosed fibrons 
sae lined with a delieate smooth membrane. Its walls are 
separated by a film of viseons fiuid. Bursae are found wher- 
ever tendons rub against bones, ligaments, or other ten- 
dons. They are eommonly found elose to joints where the 
skin rubs against nnderlying bony structures, for example, 
the prepatellar bursa (Fig. 1.15). Oeeasionally, the eavity of 
a bursa communicates with the eavity of a synovial joint. 
For example, the snprapatellar bursa communicates with 
the knee joint (see Fig. 1.15) and the subscapularis bursa 
communicates with the shonlder joint. 

Synovial Sheath 

A synovial sheath is a tubular bursa that surrounds a tendon. 
The tendon invaginates the bursa from one side so that the 
tendon beeomes snspended within the bursa by a mesoten- 
don (see Fig. 1.15). The mesotendon enables blood vessels to 
enter the tendon along its course. In eertain sitnations, when 
the range of movement is extensive, the mesotendon disap- 
pears or remains in the form of narrow threads, the vinenla 
(e.g., the long fiexor tendons of the fingers and toes). 

Synovial sheaths occur where tendons pass under liga- 
ments and retinaenla and throngh osseofibrons tnnnels. 
Their fimetion is to reduce frietion between the tendon and 
its surrounding structures. 












16 GHAPTER1 lntroduction 



Trauma and Infeetion of Bursae and Synovíal 
Sheaths 

Bursae and synovial sheaths are eommonly the site of trau- 
matie or infectious disease. For example, the extensor tendon 
sheaths of the hand may beeome inflamed after excessive or 
unaccustomed use; an inflammation of the prepatellar bursa 
may occur as the result of trauma from repeated kneeling on 
a hard surface. 

V_ J 


Blood Vessels 

Blood vessels are of three types: arteries, veins, and eapil- 
laries (Fig. 1.16). 

Arteries transport blood from the heart and distrib- 
ute it to the various tissues of the body by means of their 
branehes (Figs. 1.16 and 1.17). The smallest arteries, 
<0.1 mm in diameter, are referred to as arterioles. The 
joining of branehes of arteries is ealled an anastomosis. 
Arteries do not have valves. 

Anatomie end arteries (Fig. 1.17) are vessels whose 
terminal branehes do not anastomose with branehes of 
arteries snpplying adjaeent areas. Fnnetional end arteries 
are vessels whose terminal branehes do anastomose with 


femur 



rectus femoris 


suprapatellar bursa 


digital 
sheaths 


patella 


prepatellar bursa 


superficial and deep 
infrapatellar bursae 


eommon flexor sheath 


ligamentum patellae 



synovial sheath 
for flexor 
pollieis longus 


B 






tendon 


blood vessel 




layers of synovial sheath 


mesotendon 


FIGURE 1.15 A. Four bursae related to the front of the knee joint. Note that the suprapatellar bursa communicates with the 
eavity of the joint. B. Synovial sheaths around the long tendons of the fingers. C. Flow tendon indents synovial sheath during 
development, and how blood vessels reaeh the tendon through the mesotendon. 
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FIGURE 1.16 General plan of the blood vascular system. 


those of adjaeent arteries, but the ealiber of the anastomo- 
sis is insufficient to keep the tissue alive should one of the 
arteries beeome bloeked. 

Veins are vessels that transport blood baek to the heart; 
many of them possess valves. The smallest veins are ealled 
vennles (see Fig. 1.17). The smaller veins, or tribntaries, 
unite to form larger veins, which eommonly join with one 
another to form venons plexuses. Medium-size deep arter- 
ies are often aeeompanied by two veins, one on eaeh side, 
ealled venae eomitantes. 

Veins leaving the gastrointestinal traet do not go direetly 
to the heart but eonverge on the portal vein; this vein 
enters the liver and breaks up again into veins of dimin- 
ishing size, which nltimately join eapillary-like vessels. 


termed sinusoids, in the liver (see Fig. 1.17). A portal 
system is thus a system of vessels interposed between two 
eapillary beds. 

Gapillaries are mieroseopie vessels in the form of a net- 
work eonneeting the arterioles to the vennles (see Fig. 1.17). 

Sinusoids resemble eapillaries in that they are thin- 
walled blood vessels, but they have an irregnlar eross diam- 
eter and are wider than eapillaries. They are found in the 
bone marrow, the spleen, the liver, and some endoerine 
glands. In some areas of the body, prineipally the tips of 
the fingers and toes, direet eonneetions occur between the 
arteries and the veins without the intervention of eapil- 
laries. The sites of such eonneetions are referred to as 
arteriovenous anastomoses (see Fig. 1.17). 
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FIGURE 1.17 Different types of blood vessels and their methods of union. A. Anastomosis betvveen the branehes of the 
syperior mesenterie artery. B. A eapillary netvvork and an arteriovenous anastomosis. C: Anatomie end artery and functional 
end artery. D. A portal system. E. Structure of the bicuspid valve in a vein. 



Diseases of Blood Vessels 

Diseases of blood vessels are eommon. The surface anatomy 
of the main arteries, espeeially those of the limbs, is dis- 
cussed in the appropriate seetions of this book. The eollateral 
eireolation of most large arteries should be understood, and 
a distinetion should be made betvveen anatomie end arteries 
and functional end arteries. 

All large arteries that eross over a joint are liable to be kinked 
during movements of the joint. Hovvever, the distal flovv of blood 
is not interrupted because an adequate anastomosis is usually 
betvveen branehes of the artery that arise both proximal and dis- 



tal to the joint. The alternative blood ehannels, vvhieh dilate under 
these circumstances, form the eollateral circulation. Knovvledge 
of the existence and position of such a circulation may be of vital 
importanee should it be neeessary to tie off a large artery that 
has been damaged bytrauma ordisease. 

Goronary arteries are functional end arteries, and if they 
beeome bloeked by disease (eoronary arterial occlusion is eom- 
mon), the eardiae muscle normally supplied by that artery vvill 
reeeive insufficient blood and undergo neerosis. Bloekage of a 
large eoronary artery results in the death of the patient. (See the 
elinieal example atthe beginning of this ehapter.) 


Lymphatie System 

The lymphatie system eonsists of lymphatie tissnes and 
lymphatie vessels (Fig. 1.18). 

Lymphatie tissues are a type of eonneetive tissne that 
eontains large nnmbers of lymphoeytes. Lymphatie tissne 
is organized into the following organs or strnetnres: the 


thymns, the lymph nodes, the spleen, and the lymphatie 
nodnles. Lymphatie tissne is essential for the immnnologie 
defenses of the body against baeteria and virnses. 

Lymphatie vessels are tnbes that assist the eardio- 
vasenlar system in the removal of tissne flnid from the 
tissne spaees of the body; the vessels then retnrn the 
flnid to the blood. The lymphatie system is essentially a 
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FIGURE 1.18 A.The thoraeie duct and right lymphatie duct and their main tributaries. B. The areas of body drained into thoraeie 
duct (elear) and hght lymphatie duct (blaek). C. General structure of a lymph node. D. Lymph vessels and nodes of the upper limb 


drainage system, and there is no eirenlation. Lymphatie 
vessels are fonnd in all tissnes and organs of the body 
except the eentral nervons system, the eyeball, the inter- 
nal ear, the epidermis of the skin, the eartilage, and the 
bone. 

Lymph is the name given to tissne finid onee it has 
entered a lymphatie vessel. Lymph eapillaries are a net- 
work of fine vessels that drain lymph from the tissnes. The 
eapillaries are in turn drained by small lymph vessels, which 
unite to form large lymph vessels. Lymph vessels have a 


beaded appearanee beeanse of the presenee of numerous 
valves along their course. 

Before lymph is returned to the bloodstream, it passes 
throngh at least one lymph node and often throngh sev- 
eral. The lymph vessels that earry lymph to a lymph node 
are referred to as afferent vessels (see Fig. 1.18); those that 
transport it away from a node are efferent vessels. The 
lymph reaehes the bloodstream at the root of the neek by 
large lymph vessels ealled the right lymphatie duct and the 
thoracicduct (see Fig. 1.18). 
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Dìsease of the Lymphatìe System 

The lymphatie system is often de-emphasized by anatomists on 
the groonds that it is diffieolt to see on a eadaver. Hovvever, it 
is of vital importanee to medieal personnel, sinee lymph nodes 
may svvell as the result of metastases, or primary tumor. For this 
reason, the lymphatie drainage of all major organs of the body, 
including the skin, should be knovvn. 

A patient may eomplain of a svvelling produced by the 
enlargement of a lymph node. A physieian must knovv the areas 

V___ 

Nervous System 

The nervous system is divided into two main parts: the een- 
tral nervons system, which eonsists of the brain and spinal 
eord, and the peripheral nervons system, which eonsists of 
12 pairs of eranial nerves and 31 pairs of spinal nerves and 
their assoeiated ganglia. 

Functionally, the nervons system ean be fnrther divided 
into the somatie nervons system, which eontrols volnntary 
aetivities, and the antonomie nervons system, which eon- 
trols involnntary aetivities. 

The nervons system, together with the endoerine sys- 
tem, eontrols and integrates the aetivities of the different 
parts of the body. 

eentral Nervous System 

The eentral nervons system is eomposed of large nnmbers 
of nerve eells and their proeesses, snpported by speeialized 
tissue ealled nenroglia. Nenron is the term given to the 
nerve eell and all its proeesses. The nerve eell has two types 
of proeesses, ealled dendrites and an axon. Dendrites are 
the short proeesses of the eell body; the axon is the longest 
proeess of the eell body (Fig. 1.19). 

The interior of the eentral nervons system is organized 
into gray and white matter. Gray matter eonsists of nerve 
eells embedded in nenroglia. White matter eonsists of 
nerve fibers (axons) embedded in nenroglia. 

Peripheral Nervous System 

The peripheral nervons system eonsists of the eranial and 
spinal nerves and their assoeiated ganglia. On disseetion, 
the eranial and spinal nerves are seen as grayish white 
eords. They are made up of bundles of nerve fibers (axons) 
snpported by delieate areolar tissue. 

eranial Nerves 

There are 12 pairs of eranial nerves that leave the brain and 
pass throngh foramina in the skull. All the nerves are dis- 
tribnted in the head and neek except the Xth (vagus), which 
also supplies structures in the thorax and abdomen. The 
eranial nerves are deseribed in Ghapter 11. 

Spinal Nerves 

A total of 31 pairs of spinal nerves leave the spinal eord 
and pass throngh intervertebral foramina in the vertebral 
column (Figs. 1.20 and 1.21). The spinal nerves are named 


of the body that drain lymph to a particular node if he or she is to 
be able to find the primary site of the disease. Often, the patient 
ignoresthe primary disease, vvhieh may be a small, painless ean- 
eer of the skin. 

Gonversely, the patient may eomplain of a painful ulcer of 
the tongue, for example, and the physieian must knovv the lymph 
drainage of the tongue to be able to determine vvhether the dis- 
ease has spread beyond the limits of the tongue. 

_ J 

aeeording to the region of the vertebral column with which 
they are assoeiated: 8 eervieal, 12 thoraeie, 5 lumbar, 
5 saeral, and 1 eoeeygeal. Note that there are eight eervieal 
nerves and only seven eervieal vertebrae and that there is 
one eoeeygeal nerve and four eoeeygeal vertebrae. 

During development, the spinal eord grows in length 
more slowly than the vertebral column. In the adult, when 
growth eeases, the lower end of the spinal eord reaehes 
inferiorly only as far as the lower border of the Ist lumbar 
vertebra. To aeeommodate for this disproportionate growth 
in length, the length of the roots inereases progressively 
from above downward. In the upper eervieal region, the spi- 
nal nerve roots are short and run almost horizontally, but 
the roots of the lumbar and saeral nerves below the level of 
the termination of the eord form a vertieal bundle of nerves 
that resembles a horse s tail and is ealled the cauda equina 
(Fig. 1.20). 

Eaeh spinal nerve is eonneeted to the spinal eord by two 
roots: the anterior root and the posterior root (Figs. 1.19 
and 1.21). The anterior root eonsists of bnndles of nerve 
fibers earrying nerve impnlses away from the eentral nerv- 
ous system (Fig. 1.21). Such nerve fibers are ealled efferent 
fibers. Those efferent fibers that go to skeletal muscle and 
cause them to eontraet are ealled motor fibers. Their eells 
of origin lie in the anterior gray horn of the spinal eord. 

The posterior root eonsists of bnndles of nerve fibers 
that earry impnlses to the eentral nervons system and are 
ealled afferent fibers (see Fig. 1.19). Beeanse these fibers 
are eoneerned with eonveying information about sensa- 
tions of touch, pain, temperatnre, and vibrations, they are 
ealled sensory fibers. The eell bodies of these nerve fibers 
are sitnated in a swelling on the posterior root ealled the 
posterior root ganglion (Figs. 1.19 and 1.21). 

At eaeh intervertebral foramen, the anterior and poste- 
rior roots unite to form a spinal nerve (see Fig. 1.21). Here, 
the motor and sensory fibers beeome mixed together, so 
that a spinal nerve is made up of a mixture of motor and 
sensory fibers (see Fig. 1.19). On emerging from the fora- 
men, the spinal nerve divides into a large anterior ramus 
and a smaller posterior ramus. The posterior ramus passes 
posteriorly around the vertebral column to supply the mus- 
eles and skin of the baek (Figs. 1.19 and 1.21). The anterior 
ramus continues anteriorly to supply the muscles and skin 
over the anterolateral body wall and all the mnseles and 
skin of the limbs. 
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FIGURE1.19 A. Multipolar motor neuron vvith eonneetor neuron synapsing vvith it. B. Seetion through thoraeie segment of 
spinal eord vvith spinal roots and posterior root ganglion. C. Gross seetion of thoraeie segment of spinal eord shovving roots, 
spinal nerve, and anterior and posterior rami and their branehes. 


In addition to the anterior and posterior rami, spinal 
nerves give a small meningeal braneh that snpplies the 
vertebrae and the eoverings of the spinal eord (the menin- 
ges). Thoraeie spinal nerves also have branehes, ealled rami 
eommnnieantes, which are assoeiated with the sympa- 
thetie part of the antonomie nervons system (see below). 

Plexuses 

At the root of the limbs, the anterior rami join one another 
to form eomplieated nerve plexuses (see Fig. 1.20). The eer- 
vieal and braehial plexuses are found at the root of the 
upper limbs, and the lumbar and saeral plexuses are found 
at the root of the lower limbs. 


The elassie division of the nervons system into eentral 
and peripheral parts is purely artifieial and one of deserip- 
tive eonvenienee beeanse the proeesses of the nenrons 
pass freely between the two. For example, a motor neuron 
loeated in the anterior gray horn of the Ist thoraeie segment 
of the spinal eord gives rise to an axon that passes throngh 
the anterior root of the Ist thoraeie nerve (Fig. 1.22), passes 
throngh the braehial plexus, travels down the arm and 
forearm in the ulnar nerve, and finally reaehes the motor 
end plates on several muscle fibers of a small muscle of the 
hand—a total distanee of about 3 ft (90 em). 

To take another example, eonsider the sensation of 
touch felt on the lateral side of the little toe. This area 
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FIGURE 1.20 B rain, spinal eord, spinal nerves, and plexuses of limbs 


of skin is snpplied by the Ist saeral segment of the 
spinal eord (Sl). The fine terminal branehes of the sen- 
sory axon, ealled dendrites, leave the sensory organs 
of the skin and nnite to form the axon of the sensory 
nerve. The axon passes up the leg in the sural nerve (see 
Fig. 1.22) and then in the tibial and seiatie nerves to the 
inmbosaeral plexus. It then passes throngh the posterior 
root of the Ist saeral nerve to reaeh the eell body in 
the posterior root ganglion of the Ist saeral nerve. The 
eentral axon now enters the posterior white column 
of the spinal eord and passes up to the nucleus graei- 
lis in the mednlla oblongata—a total distanee of about 
5 ft (1.5 m). Thus, a single neuron extends from the little 
toe to the inside of the skull. 


Both these examples illustrate the great length of a single 
neuron. 

Autonomic Nervous System 

The antonomie nervons system is the part of the nervons sys- 
tem eoneerned with the innervation of involnntary structures 
such as the heart, smooth muscle, and glands throughout the 
body and is distribnted throughout the eentral and peripheral 
nervons system. The antonomie system may be divided into 
two parts—^the sympathetie and the parasympathetie —and 
both parts have afferent and efferent nerve fibers. 

The aetivities of the sympathetie part of the antonomie 
system prepare the body for an emergeney. It aeeelerates 
the heart rate, causes eonstrietion of the peripheral blood 
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Segmental Innervatìon of the Skin 

The area of skin sopplied by a single spinal nerve, and therefore a 
single segment of the spinal eord, is ealled a dermatome. On the 
trunk, adjaeent dermatomes overlap eonsiderably; to produce a 
region of eomplete anesthesia, at least three contiguous spinal 
nerves must be seetioned. Dermatomal eharts forthe anterior and 
posterior surfaces of the body are shovvn in Figures 1.23 and 1.24. 

In the limbs, arrangement of the dermatomes is more eom- 
plieated because ofthe embryologie ehanges thattake plaee as 
the limbs grow out from the body wall. 

A physieian should have a working knowledge of the seg- 
mental (dermatomal) innervation of skin, because with the help 
of a pin or a pieee of eotton he or she ean determine whetherthe 
sensory function of a particular spinal nerve or segment of the 
spinal eord is functioning normally. 

Segmental Innervatìon of Mnsele 

Skeletal muscle also reeeives a segmental innervation. Most of 
these muscles are innervated by two,three, orfour spinal nerves 
and therefore by the same number of segments of the spinal 
eord. To paralyze a muscle eompletely, it is thus neeessary to 





seetion several spinal nerves or to destroy several segments of 
the spinal eord. 

Learning the segmental innervation of all the muscles of the 
body is an impossible task. Nevertheless, the segmental innerva- 
tion of the following muscles should be known because they ean be 
tested by elieiting simple muscle reflexes in the patient (Fig. 1.25): 

Bieeps braehii tendon reflex: C5 and 6 (flexion of the elbow 
joint by tapping the bieeps tendon) 

Trieeps tendon reflex: C6, 7, and 8 (extension of the elbow 
joint by tapping the trieeps tendon) 

Braehioradialis tendon reflex: C5,6, and 7 (supination of the 
radioulnarjoints bytappingthe insertion ofthe braehioradialis 
tendon) 

Abdominal snperfieial reflexes (eontraetion of nnderlying 
abdominal mnseles by stroking the skin): Llpper abdominal 
skin T6 to 7, middle abdominal skin T8 to 9, and lower abdomi- 
nal skin TlOto 12 

Patellar tendon reflex (knee jerk): L2, 3, and 4 (extension of 
the knee joint on tapping the patellar tendon) 

Aehilles tendon reflex (ankle jerk): S1 and 2 (plantar flexion 
of the ankle joint on tapping the Aehilles tendon) 






vessels, and raises the blood pressnre. The sympathetie part 
of the antonomie system brings abont a redistribntion of 
the blood so that it leaves the areas of the skin and intestine 
and beeomes available to the brain, heart, and skeletal mus- 
ele. At the same time, it inhibits peristalsis of the intestinal 
traet and eloses the sphineters. 

The aetivities of the parasympathetie part of the auto- 
nomie system aim at eonserving and restoring energy. They 
slow the heart rate, inerease peristalsis of the intestine and 
glandnlar aetivity, and open the sphineters. 
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FIGURE 1.21 The assoeiation betvveen spinal eord, spinal 
nerves, and sympathetie trunks. 


The hypothalamns of the brain eontrols the antonomie 
nervons system and integrates the aetivities of the antonomie 
and nenroendoerine systems, thus preserving homeostasis 
in the body. 


nucleus graeilis 



FIGURE 1.22 Two neurons that pass from the eentral to 
peripheral nervous system. A. Afferent neuron that extends 
from the little toe to the brain. B. Efferent neuron that 
extends from the anterior gray horn of the first thoraeie seg- 
ment of spinal eord to the small muscle of the hand. 
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FIGLIRE 1.23 Dermatomes and distribution of cutaneous nerves on the anterior aspeet of the body 


Sympathetie System 

Efferent Fibers The gray matter of the spinal eord, from the 
Ist thoraeie segment to the 2nd Inmbar segment, possesses 
a lateral horn, or eolnmn, in which are loeated the eell bod- 
ies of the sympathetie eonneetor nenrons (Fig. 1.26). The 
myelinated axons of these eells leave the spinal eord in the 
anterior nerve roots and then pass via the white rami eom- 
mnnieantes to the paravertebral ganglia of the sympa- 
thetietrnnk (Figs. 1.21,1.26, and 1.27). The eonneetor eell 
fibers are ealled preganglionie as they pass to a peripheral 
ganglion. Onee the preganglionie fibers reaeh the ganglia 
in the sympathetie trnnk, they may pass to the following 
destinations: 

1 . They may terminate in the ganglion they have entered 
by synapsing with an excitor eell in the ganglion (see 
Fig. 1.26). A synapse ean be defined as the site where 
two nenrons eome into elose proximity but not into 


anatomie continuity. The gap between the two nenrons is 
bridged by a nenrotransmitter snbstanee, aeetyleholine. 
The axons of the excitor nenrons leave the ganglion and 
are nonmyelinated. These postganglionie nerve fibers 
now pass to the thoraeie spinal nerves as gray rami 
eommnnieantes and are distribnted in the branehes of 
the spinal nerves to supply the smooth muscle in the 
walls of blood vessels, the sweat glands, and the arreetor 
pili mnseles of the skin. 

2 . Those fibers entering the ganglia of the sympathetie 
trunk high up in the thorax may travel up in the sympa- 
thetie trunk to the ganglia in the eervieal region, where 
they synapse with excitor eells (Figs. 1.26 and 1.27). 
Here, again, the postganglionie nerve fibers leave the 
sympathetie trunk as gray rami eommnnieantes, and 
most of them join the eervieal spinal nerves. Many of 
the preganglionie fibers entering the lower part of the 
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FIGURE 1.24 Dermatomes and distribution of cutaneous nerves on the posterior aspeet of the body 


sympathetie trunk from the lower thoraeie and upper 
two lumbar segments of the spinal eord travel down to 
ganglia in the lower lumbar and saeral regions, where 
they synapse with excitor eells (Fig. 1.27). The postgan- 
glionie fibers leave the sympathetie trunk as gray rami 
eommnnieantes that join the lumbar, saeral, and eoeey- 
geal spinal nerves. 

3. The preganglionie fibers may pass throngh the gan- 
glia on the thoraeie part of the sympathetie trunk 
without synapsing. These myelinated fibers form the 
three splanehnie nerves (see Fig. 1.27). The greater 
splanehnie nerve arises from the 5th to 9th thoraeie 
ganglia, pierees the diaphragm, and synapses with 
excitor eells in the ganglia of the eeliae plexus. The 
lesser splanehnie nerve arises from the lOth and 
llth ganglia, pierees the diaphragm, and synapses 


with excitor eells in the ganglia of the lower part of 
the eeliae plexus. The lowest splanehnie nerve (when 
present) arises from the 12th thoraeie ganglion, 
pierees the diaphragm, and synapses with excitor eells 
in the ganglia of the renal plexus. Splanehnie nerves 
are therefore eomposed of preganglionie fibers. The 
postganglionie fibers arise from the excitor eells in the 
peripheral plexuses previously noted and are distrib- 
uted to the smooth muscle and glands of the viseera. 
A few preganglionie fibers traveling in the greater 
splanehnie nerve end direetly on the eells of the supra- 
renal mednlla. These mednllary eells may be regarded 
as modified sympathetie excitor eells. 

Sympathetie trunks are two ganglionated nerve trunks 
that extend the whole length of the vertebral column (see 
Fig. 1.27). There are 3 ganglia in eaeh trunk of the neek. 
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bieeps braehii tendon reflex 



tendon reflex 


C6, 7, and 8 



trieeps tendon reflex 


L2, 3, and 4 



patellar tendon reflex 



Aehilles tendon reflex 


FIGURE 1.25 Some important tendon reflexes used in medieal praetiee. 


11 or 12 ganglia in the thorax, 4 or 5 ganglia in the lum- 
bar region, and 4 or 5 ganglia in the pelvis. The two trunks 
lie elose to the vertebral column and end below by joining 
together to form a single ganglion, the ganglion impar. 

Afferent Fibers The afferent myelinated nerve fìbers travel 
from the viseera throngh the sympathetie ganglia without 
synapsing (see Fig. 1.26). They enter the spinal nerve via the 
white rami eommnnieantes and reaeh their eell bodies in the 
posterior root ganglion of the eorresponding spinal nerve. 
The eentral axons then enter the spinal eord and may form 


the afferent eomponent of a loeal reflex are. Others may pass 
up to higher autonomic eenters in the brain. 

Parasympathetie System 

Efferent Fibers The eonneetor eells of this part of the sys- 
tem are loeated in the brain and the saeral segments of the 
spinal eord (see Fig. 1.27). Those in the brain form parts 
of the nuclei of origin of eranial nerves III, VII, IX, and X, 
and the axons emerge from the brain eontained in the eor- 
responding eranial nerves. 
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FIGURE 1.26 General arrangement of somatie part of nerv- 
ous system (left) eompared to autonomic part of nervous 
system (right). 



eiìnìeal Modifieatìon of the Aetivities of the 
Antonomie Nervons System 

Many drugs and surgical proceduresthatcan modifythe aetiv- 
ity of the autonomic nervous system are available. For exam- 
ple, drugs ean be administered to lovverthe blood pressure by 
bloeking sympathetie nerve endings and causing vasodilata- 
tion of peripheral blood vessels. In patients vvith severe arte- 
rial disease affeeting the main arteries of the lovver limb, the 
limb ean sometimes be saved by seetioning the sympathetie 
innervation to the blood vessels. This produces a vasodilata- 
tion and enables an adequate amount of blood to flovvthrough 
the eollateral circulation, thus bypassing the obstruction. 

V___/ 


The saeral eonneetor eells are fonnd in the gray matter 
of the 2nd, 3rd and 4th saeral segments of the eord. These 
eells are not snffieiently nnmerons to form a lateral gray 
horn, as do the sympathetie eonneetor eells in the thora- 
eolnmbar region. The myelinated axons leave the spinal 
eord in the anterior nerve roots of the eorresponding spi- 
nal nerves. They then leave the saeral nerves and form the 
pelvie splanehnie nerves. 

All the efferent fibers deseribed so far are preganglionie, 
and they synapse with excitor eells in peripheral ganglia, 
which are nsnally sitnated elose to the viseera they inner- 
vate. The eranial preganglionie fibers relay in the eiliary, 
pterygopalatine, snbmandibnlar, and otie ganglia (see 
Fig. 1.27). The preganglionie fibers in the pelvie splanehnie 
nerves relay in ganglia in the hypogastrie plexuses or in the 
walls of the viseera. Gharaeteristieally, the postganglionie 
fibers are nonmyelinated and are relatively short eompared 
with sympathetie postganglionie fibers. 

Afferent Fibers The afferent myelinated fibers travel 
from the viseera to their eell bodies loeated either in the 
sensory ganglia of the eranial nerves or in the posterior 
root ganglia of the saerospinal nerves. The eentral axons 
then enter the eentral nervous system and take part in the 
formation of loeal refiex ares or pass to higher eenters of 
the antonomie nervons system. 

The afferent eomponent of the antonomie system is 
identieal to the afferent eomponent of somatie nerves and 
forms part of the general afferent segment of the entire 
nervons system. The nerve endings in the antonomie affer- 
ent eomponent may not be aetivated by such sensations as 
heat or touch but instead by streteh or laek of oxygen. Onee 
the afferent fibers gain entranee to the spinal eord or brain, 
they are thonght to travel alongside, or are mixed with, the 
somatie afferent fibers. 

Mucous Membranes 

Mucous membrane is the name given to the lining of organs 
or passages that eommnnieate with the snrfaee of the body. 
A mucous membrane eonsists essentially of a layer of 


epithelinm snpported by a layer of eonneetive tissue, the lam- 
ina propria. Smooth muscle, ealled the muscularis mucosa, 
is sometimes present in the eonneetive tissue. A mucous 
membrane may or may not seerete mucus on its snrfaee. 

Serous Membranes 

Serous membranes line the eavities of the trunk and are 
refieeted onto the mobile viseera lying within these eavities 
(Fig. 1.28). They eonsist of a smooth layer of mesothelinm 
snpported by a thin layer of eonneetive tissue. The serous 
membrane lining the wall of the eavity is referred to as the 
parietal layer, and that eovering the viseera is caUed the vis- 
eeral layer. The narrow, slitlike interval that separates these 
layers forms the plenral, perieardial, and peritoneal eavities 
and eontains a small amount of serous liquid, the serous exu- 
date. The serous exudate lubricates the surfaces of the mem- 
branes and allows the two layers to slide readfiy on eaeh other. 

The mesenteries, omenta, and serous ligaments are 
deseribed in other ehapters of this book. 

The parietal layer of a serous membrane is developed from 
the somatoplenre (inner eell layer of mesoderm) and is riehly 
snpplied by spinal nerves. It is therefore sensitive to all eom- 
mon sensations such as touch and pain. The viseeral layer is 
developed from the splanehnoplenre (inner eell layer of mes- 
oderm) and is snpplied by antonomie nerves. It is insensitive 
to touch and temperatnre but very sensitive to streteh. 


e L I N I e A L N 0 T E S 


Mucous and Serous Membranes and 
Inflammatory Dìsease 

Mucous and serous membranes are eommon sites for inflam- 
matory disease. For example, rhinitis, or the eommon eold, is 
an inflammation of the nasal mucous membrane, and pleurisy 
is an inflammation of the viseeral and parietal layers of the 
pleura. 

V_/ 
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FIGURE 1.27 Efferent part of autonomic nervous system. Preganglionie parasympathetie fibers are shovvn in solid blue; 
postganglionie parasympathetie fibers, in ìntermpted blue. Preganglionie sympathetie fibers are shovvn in solid red; postgan- 
glionie sympathetie fibers, in interrupted red. 


Bone 

Bone is a living tissne eapable of ehanging its strnetnre as the 
resnlt of the stresses to which it is snbjeeted. Like other eon- 
neetive tissnes, bone eonsists of eells, fibers, and matrix. It is 
hard beeanse of the ealeifieation of its extracellular matrix 
and possesses a degree of elastieity because of the presenee of 
organie fibers. Bone has a proteetive fimetion; the skull and 
vertebral column, for example, proteet the brain and spinal 
eord from injury; the sternum and ribs proteet the thoraeie 
and upper abdominal viseera (Fig. 1.29). It serves as a lever, 
as seen in the long bones of the limbs, and as an important 
storage area for ealeinm salts. It houses and proteets within 
its eavities the delieate blood-forming bone marrow. 


Bone exists in two forms: eompaet and eaneel- 
lous. Gompaet bone appears as a solid mass; eaneellons 
bone eonsists of a branehing network of trabeculae (see 
Fig. 1.30). The trabeenlae are arranged in such a manner 
as to resist the stresses and strains to which the bone is 
exposed. 

eiassifieation of Bones 

Bones may be elassified regionally or aeeording to their 
general shape. The regional elassifieation is snmmarized 
in Table 1.2. Bones are gronped as follows based on their 
general shape: long bones, short bones, fiat bones, irregnlar 
bones, and sesamoid bones. 
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FIGURE 1.28 Arrangement of pleura vvithin the thoraeie 
eavity. Note that under normal eonditions the pleural eavity 
is a slitlike spaee; the parietal and viseeral layers of pleura 
are separated by a small amount of serous fluid. 


Long Bones 

Long bones are fonnd in the limbs (e.g., the hnmerns, femnr, 
metaearpals, metatarsals, and phalanges). Their length is 
greater than their breadth. They have a tnbnlar shaft, the 
diaphysis, and nsnally an epiphysis at eaeh end. Dnring 
the growing phase, the diaphysis is separated from the epi- 
physis by an epiphyseal eartilage. The part of the diaph- 
ysis that lies adjaeent to the epiphyseal eartilage is ealled 
the metaphysis. The shaft has a eentral marrow eavity 
eontaining bone marrow. The onter part of the shaft is 
eomposed of eompaet bone that is eovered by a eonneetive 
tissne sheath, the periostenm. 

The ends of long bones are eomposed of eaneellons 
bone snrronnded by a thin layer of eompaet bone. The 
artienlar snrfaees of the ends of the bones are eovered by 
hyaline eartilage. 

Short Bones 

Short bones are fonnd in the hand and foot (e.g., the 
seaphoid, Innate, talns, and ealeanenm). They are ronghly 
enboidal in shape and are eomposed of eaneellons bone 
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FIGURE 1.29 The skeleton. A. Anterior vievv. B. Lateral vievv. 
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FIGURE 1.30 Seetions of different types of bones. A. Long 
bone (hunnerus). B. Irregular bone (ealeaneom). C. Flat bone 
(two parietal bones separated by the sagittal suture). D. 
Sesamoid bone (patella). E. Note arrangement of trabecu- 
lae to aet as struts to resist both eompression and tension 
forees in the upper end of the femur. 



Bone Fraetnres 

Immediately after a fraetnre, the patient suffers severe loeal 
pain and is not able to use the injured part. Deformity may be 
visible if the bone fragments have been displaeed relative to 
eaeh other. The degree of deformity and the direetions taken 
by the bony fragments depend not only on the meehanism of 
injury but also on the pull of the muscles attaehed to the frag- 
ments. Ligamentous attaehments also influencethe deformity. 

In eertain situations—for example,the ilium—fractures result 
in no deformity because the inner and outer surfaces of the 
bone are splinted by the extensive origins of muscles. In eon- 
trast, a fracture of the neek of the femur produces eonsider- 
able displaeement. The strong muscles of the thigh pull the 
distal fragment upward so thatthe leg is shortened. The very 
strong lateral rotators rotate the distal fragment laterally so 
that the foot points laterally. 

Fracture of a bone is aeeompanied by a eonsiderable 
hemorrhage of blood between the bone ends and into the sur- 
rounding softtissue. The blood vessels and the fibroblasts and 
osteoblasts from the periosteum and endosteum take part in 
the repair proeess. 

V___ J 


surrounded by a thin layer of eompaet bone. Short bones 
are eovered with periostenm, and the artienlar snrfaees are 
eovered by hyaline eartilage. 

Flat Bones 

Flat bones are found in the vault of the skull (e.g., the fron- 
tal and parietal bones). They are eomposed of thin inner 
and outer layers of eompaet bone, the tables, separated by a 
layer of eaneellons bone, the diploè. The seapnlae, althongh 
irregnlar, are inelnded in this group. 

Irregular Bones 

Irregular bones inelnde those not assigned to the previons 
groups (e.g., the bones of the skull, the vertebrae, and the 
pelvie bones). They are eomposed of a thin shell of eom- 
paet bone with an interior made up of cancellous bone. 

Sesannoid Bones 

Sesamoid bones are small nodnles of bone that are found 
in eertain tendons where they rub over bony snrfaees. The 
greater part of a sesamoid bone is buried in the tendon, 
and the free snrfaee is eovered with eartilage. The largest 


TABLE 1.2 1 

Regional eiassífieation of 
Bones 

Region of Skeleton 

Nnmber of Bones 

Axial skeleton 


Skull 


Cranium 

8 

Faee 

14 

Auditory ossieles 

6 

Hyoid 

1 

Vertebrae (including sacrum and coccyx) 26 

Sternum 

1 

Ribs 

24 

Appendicular skeleton 


Shoulder girdles 


eiaviele 

2 

Scapula 

2 

Llpper extremities 


Humerus 

2 

Radius 

2 

Ulna 

2 

Garpals 

16 

Metaearpals 

10 

Phalanges 

28 

Pelvie girdle 


Hip bone 

2 

Lower extremities 


Femur 

2 

Patella 

2 

Fibula 

2 

Tibia 

2 

Tarsals 

14 

Metatarsals 

10 

Phalanges 

28 


206 
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sesamoid bone is the patella, which is loeated in the tendon 
of the quadriceps femoris. Other examples are found in the 
tendons of the f[exor pollieis brevis and f[exor hallneis bre- 
vis. The fnnetion of a sesamoid bone is to reduce frietion on 
the tendon; it ean also alter the direetion of pull of a tendon. 


structures causes the periosteum to be raised and new bone 
to be deposited beneath. 

In eertain sitnations, the snrfaee markings are large 
and are given speeial names. Some of the more important 
markings are summarized in Table 1.3. 


Surface Markings of Bones 

The snrfaees of bones show varions markings or irregu- 
larities. Where bands of faseia, ligaments, tendons, or 
aponenroses are attaehed to bone, the snrfaee is raised 
or ronghened. These ronghenings are not present at 
birth. They appear at pnberty and beeome progressively 
more obvions during adult life. The pull of these fibrous 


TABLE 1.3 

% Surface Markings of ^ 

1 Bones 

Bone Marking 

Example 

Linear elevation 

Line 

Superior nuchal line of the oeeipital bone 

Ridge 

The medial and lateral supracondylar 
ridges of the humerus 

Grest 

The iliae erest ofthe hip bone 

Ronnded elevation 

Tubercle 

Pubic tubercle 

Protuberance 

External oeeipital protuberance 

Tuberosity 

Greater and lessertuberosities of the 
humerus 

Malleolus 

Medial malleolus of the tibia, lateral 
malleolus of the fibula 

Troehanter 

Greater and lesser troehanters of the femur 

Sharp elevation 

Spine or spinous 
proeess 

isehial spine, spine of vertebra 

Styloid proeess 

Styloid proeess of temporal bone 

Expanded endsfor 

artienlation 

Head 

Head of humerus, head of femur 

Gondyle 

Medial and lateral eondyles of femur 
(knucklelike proeess) 

Epieondyle 
(a prominenee 
situated just 
above eondyle) 

Medial and lateral epieondyles of femur 

Small flat area for artienlation 

Faeet 

Faeet on head of rib for articulation vvith 
vertebral body 

Depressions 

Noteh 

Greater seiatie noteh of hip bone 

Groove or sulcus 

Bieipital groove of humerus 

Fossa 

Oleeranon fossa of humerus, acetabular 
fossa of hip bone 

Openings 

Fissure 

Superior orbital fissure 

Foramen 

Infraorbital foramen of the maxilla 

Ganal 

Garotid eanal of temporal bone 

Meatus 

External acoustic meatus of temporal bone 


Bone Marrow 

Bone marrow oeenpies the marrow eavity in long and short 
bones and the interstiees of the eaneellons bone in fiat and 
irregnlar bones. At birth, the marrow of all the bones of the 
body is red and hematopoietie. This blood-forming aetivity 
gradnally lessens with age, and the red marrow is replaeed 
by yellow marrow. At 7 years of age, yellow marrow begins 
to appear in the distal bones of the limbs. This replaeement 
of marrow gradnally moves proximally, so that by the time 
the person beeomes an adult, red marrow is restrieted to the 
bones of the skull, the vertebral column, the thoraeie eage, 
the girdle bones, and the head of the humerus and femur. 

All bone snrfaees, other than the artienlating snrfaees, 
are eovered by a thiek layer of fibrons tissue ealled the peri- 
osteum. The periosteum has an abnndant vasenlar supply, 
and the eells on its deeper snrfaee are osteogenie. The peri- 
osteum is particularly well united to bone at sites where 
mnseles, tendons, and ligaments are attaehed to bone. 
Bnndles of eollagen fibers known as Sharpey s fibers extend 
from the periostenm into the nnderlying bone. The peri- 
osteum reeeives a rieh nerve supply and is very sensitive. 

Development of Bone 

Bone is developed by two proeesses: membranons and 
endoehondral. In the first proeess, the bone is developed 
direetly from a eonneetive tissue membrane; in the seeond, 
a eartilaginons model is first laid down and is later replaeed 
by bone. For details of the eelMar ehanges involved, a text- 
book of histology or embryology should be consulted. 

The bones of the vault of the skull are developed rap- 
idly by the membranous method in the embryo, and this 
serves to proteet the nnderlying developing brain. At birth, 
small areas of membrane persist between the bones. This 
is important elinieally beeanse it allows the bones a eertain 
amount of mobility, so that the skull ean nndergo molding 
during its deseent throngh the female genital passages. 

The long bones of the limbs are developed by endo- 
ehondral ossifieation, which is a slow proeess that is not 



Rìekets 

Riekets is a defeetive mineralization of the eartilage matrix in 
grovving bones. This prodoees a eondition in vvhieh the earti- 
lage eells eontinoe to grovv, resolting in excess eartilage and 
a vvidening of the epiphyseal plates. The poorly mineralized 
eartilaginoos matrix and the osteoid matrix are soft, and they 
bend under the stress of bearing vveight. The resulting defor- 
mities include enlarged eostoehondral junctions, bovving of 
the long bones of the lovver limbs, and bossing of the frontal 
bones of the skull. Deformities of the pelvis may also occur. 


(continued) 
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Epìphyseal Plate Dìsorders 

Epiphyseal plate disorders affeet only ehildren and adoles- 
eents. The epiphyseal plate is the part of a grovving bone 
eoneerned primarily vvith grovvth in length. Traoma, infee- 
tion, diet, exercise, and endoerine disorders ean distorb the 
grovvth of the hyaline eartilaginoos plate, leading to deformity 
and loss of fonetion. In the femur, for example, the proximal 
epiphysis ean slip because of meehanieal stress or exces- 
sive loads. The length of the limbs ean inerease excessively 
because of inereased vascularity in the region of the epiphy- 
seal plate seeondary to infeetion or in the presenee of tumors. 
Shortening of a limb ean follovv trauma to the epiphyseal plate 
resulting from a diminished blood supply to the eartilage. 

V___ J 

eompleted until the 18th to 20th year or even later. The 
eenter of bone formation found in the shaft of the bone 
is referred to as the diaphysis; the eenters at the ends of 
the bone, as the epiphyses. The plate of eartilage at eaeh 
end, lying between the epiphysis and diaphysis in a growing 
bone, is ealled the epiphyseal plate. The metaphysis is the 
part of the diaphysis that abuts onto the epiphyseal plate. 

Gartilage 

Gartilage is a form of eonneetive tissue in which the eells and 
fibers are embedded in a gel-like matrix, the latter being respon- 
sible for its firmness and resilienee. Except on the exposed 
snrfaees in joints, a fibrons membrane ealled the periehon- 
drinm eovers the eartilage. There are three types of eartilage: 

■ Hyaline eartilage has a high proportion of amorphons 
matrix that has the same refraetive index as the fibers 
embedded in it. Throughout ehildhood and adoles- 
eenee, it plays an important part in the growth in length 
of long bones (epiphyseal plates are eomposed of hya- 
line eartilage). It has a great resistanee to wear and eovers 
the artienlar snrfaees of nearly all synovial joints. Hya- 
line eartilage is ineapable of repair when fraetnred; the 
defeet is filled with fibrons tissue. 

■ Fibroeartilage has many eollagen fibers embedded in a 
small amount of matrix and is found in the dises within 


joints (e.g., the temporomandibnlar joint, sternoelav- 
icular joint, and knee joint) and on the artienlar snrfaees 
of the elaviele and mandible. Fibroeartilage, if damaged, 
repairs itself slowly in a manner similar to fibrons tis- 
sue elsewhere. Joint dises have a poor blood supply and 
therefore do not repair themselves when damaged. 

■ Elastie eartilage possesses large nnmbers of elastie fibers 
embedded in matrix. As would be expected, it is flexible 
and is found in the anriele of the ear, the external anditory 
meatus, the auditory tube, and the epiglottis. Elastie ear- 
tilage, if damaged, repairs itself with fibrons tissue. 

Hyaline eartilage and fibroeartilage tend to ealeify or even 
ossify in later life. 

Effeets of Sex, Raee, and Age 
on Strnetnre 

Deseriptive anatomy tends to eoneentrate on a fixed 
deseriptive form. Medieal personnel must always remember 
that sexual and raeial differenees exist and that the body s 
structure and fimetion ehange as a person grows and ages. 

The adult male tends to be taller than the adult female 
and to have longer legs; his bones are bigger and heavier, and 
his mnseles are larger. He has less subcutaneous fat, which 
makes his appearanee more angnlar. His larynx is larger, and 
his voeal eords are longer so that his voiee is deeper. He has a 
beard and eoarse body hair. He possesses axillary and pubic 
hair, the latter extending to the region of the umbilicus. 

The adult female tends to be shorter than the adult 
male and to have smaller bones and less bulky muscles. She 
has more subcutaneous fat and fat accumulations in the 
breasts, bnttoeks, and thighs, giving her a more ronnded 
appearanee. Her head hair is finer and her skin is smoother 
in appearanee. She has axillary and pubic hair, but the latter 
does not extend up to the umbilicus. The adult female has 
larger breasts and a wider pelvis than the male. She has a 
wider earrying angle at the elbow, which resnlts in a greater 
lateral deviation of the forearm on the arm. 

IJntil the age of approximately 10 years, boys and girls 
grow at about the same rate. Around 12 years, boys often 
start to grow faster than girls, so that most males reaeh a 
greater adult height than females. 




e L I N I e A L N 0 T E S 


eiinieal Signifieanee of Age on Strnetnre 

The faet that the structure and function of the human body 
ehange vvith age may seem obvious, but it is often overlooked. A 
fevv examples of such ehanges are given here: 

1. In the infant, the bones of the skull are more resilient than in 
the adult, and for this reason fractures of the skull are much 
more eommon in the adultthan in the young ehild. 

2. The liver is relatively much larger in the ehild than in the adult. 
In the infant, the lovver margin of the liver extends inferiorly to 
a lovver level than in the adult. This is an important eonsider- 
ation vvhen making a diagnosis of hepatie enlargement. 


3. The urinary bladder in the ehild eannot be aeeommodated 
entirely in the pelvis because of the small size of the pelvie 
eavity and thus is found in the lovver part of the abdominal 
eavity. As the ehild grovvs, the pelvis enlarges and the blad- 
der sinks dovvn to beeome a true pelvie organ. 

4. At birth, all bone marrovv is of the red variety. With advaneing 
age, the red marrovv reeedes up the bones of the limbs so 
that in the adult it is largely eonfined to the bones of the head, 
thorax, and abdomen. 

5. Lymphatie tissues reaeh their maximum degree of develop- 
ment at puberty and thereafter atrophy, so the volume of lym- 
phatie tissue in older persons is eonsiderably reduced. 

___ J 
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Embryology and dinìeal Anatomy 

Embryology provides a basis for onderstanding anatomy and an 
explanation of many of the eongenital anomalies that are seen 
in elinieal medieine. A very brief overvievv of the development of 
the embryo follovvs. 

Oneethe ovum has been fertilized by the spermatozoon, a sin- 
gle eell is formed, ealled the zygote. This undergoes a rapid suc- 
eession of mitotie divisions vvith the formation of smaller eells. 
The eentrally plaeed eells are ealled the inner eell mass and ulti- 
mately form the tissues of the embryo. The outer eells, ealled the 
onter eell mass, form the trophoblast, vvhieh plays an important 
role in the formation of the plaeenta and the fetal membranes. 

The eells that form the embryo beeome defined in the form 
of a bilaminar embryonie dise, eomposed of tvvo germ layers. 
The upper layer is ealled the eetoderm and the lovver layer, the 
entoderm. As grovvth proeeeds, the embryonie dise beeomes 
pear shaped, and a narrovv streak appears on its dorsal surface 
formed of eetoderm, ealled the primitive streak. The further pro- 
liferation of the eells of the primitive streak forms a layer of eells 
that vvill extend betvveen the eetoderm and the entoderm to form 
the third germ layer, ealled the mesoderm. 


Eetoderm 

Further thiekening of the eetoderm gives rise to a plate of eells 
on the dorsal surface of the embryo ealled the nenral plate. This 
plate sinks beneath the surface of the embryo to form the nenral 
tube, vvhieh ultimately gives rise to the eentral nervous system. 
The remainder of the eetoderm forms the eornea, retina, and 
lens of the eye and the membranons labyrinth of the inner ear. 
The eetoderm also forms the epidermis of the skin; the nails and 
hair; the epithelial eells of the sebaeeons, svveat, and mammary 
glands; the mucous membrane lining the mouth, nasal eavities, 
and paranasal sinnses; the enamel of the teeth; the pitnitary 
gland and the alveoli and ducts of the parotid salivary glands; 
the mucous membrane of the lovver half of the anal eanal; and 
the terminal parts of the genital traet and the male nrinary traet. 


Entoderm 

The entoderm eventually gives origin to the follovving structures: 

the epithelial lining ofthe alimentarytraetfromthe mouth eavity 
dovvn to halfvvay along the anal eanal and the epithelium of the 
glands that develop from it—namely, the thyroid, parathyroid, 
thymus, liver, and panereas —and the epithelial linings of the 

respiratory traet, pharyngotympanie tube and middle ear, uri- 
nary bladder, parts of the female and male nrethras, greater ves- 
tibnlar glands, prostate gland, bulbourethral glands, and vagina. 


Mesoderm 

The mesoderm beeomes differentiated into the paraxial, inter- 
mediate, and lateral mesoderms. The paraxial mesoderm is 
situated initially on either side of the midline of the embryo. It 
beeomes segmented and forms the bones, eartilage, and liga- 
ments of the vertebral column and part of the base of the skull. 
The lateral eells form the skeletal muscles of their ovvn segment, 
and some of the eells migrate beneath the eetoderm and take 
part in the formation of the dermis and subcutaneous tissues of 
the skin. 

The intermediate mesoderm is a column of eells on either 
side of the embryo that is eonneeted medially to the paraxial 
mesoderm and laterally to the lateral mesoderm. It gives rise to 
portions of the nrogenital system. 

The lateral mesoderm splits into a somatie layer and a 
splanehnie layer assoeiated vvith the eetoderm and the ento- 
derm, respeetively. It eneloses a eavity vvithin the embryo ealled 
the intraembryonie eoelom. The eoelom eventually forms the 
perieardial, plenral, and peritoneal eavities. 

The embryonie mesoderm, in addition, gives origin to smooth, 
volnntary, and eardiae mnseles; all forms of eonneetive tissue, 
including eartilage and bone; blood vessel vvalls and blood 
eells; lymph vessel vvalls and lymphoid tissue; the synovial 
membranes of joints and bursae; and the suprarenal cortex. 

When appropriate, a more detailed account of the develop- 
ment of different organs is given in the ehapters to follovv. 


Puberty begins between ages 10 and 14 in girls and 
between 12 and 15 in boys. In the girl at puberty, the breasts 
enlarge and the pelvis broadens. At the same time, a boy s 
penis, testes, and serotnm enlarge; in both sexes, axillary 
and pubic hair appear. 

Raeial differenees may be seen in the eolor of the skin, 
hair, and eyes and in the shape and size of the eyes, nose, 
and lips. Afrieans and Seandinavians tend to be tall, as a 
result of long legs, whereas Asians tend to be short, with 
short legs. The heads of eentral Enropeans and Asians also 
tend to be round and broad. 


After birth and during ehildhood, the bodily fnnetions 
beeome progressively more effieient, reaehing their maxi- 
mum degree of effieieney during young adnlthood. During 
late adnlthood and old age, many bodily fimetions beeome 
less effieient. 


eiinieal Cases and Review Questions 
are available online at 

www.thePoint.lww.com/Snell9e. 

















THE THORAX: PART I— 

THE THORAGie WALL 


A 20-year-old vvoman vvas the innoeent vietim of a street shoot-out involving drugs. On exami- 

nation, the patient shovved signs of severe hemorrhage and vvas in a state of shoek. Her 
pulse vvas rapid, and her blood pressure vvas dangerously lovv. There vvas a small entranee 
vvound about 1 em aeross in the fourth left intereostal spaee about 3 em from the lateral margin of the 
sternum. There vvas no exitvvound. The leftside of her ehestvvas dull on percussion, and breath sounds 
vvere absent on that side of the ehest. A chesttube vvas immediately introduced through the ehestvvall. 
Because of the massive amounts of blood pouring out of the tube, it vvas deeided to enter the ehest 
(thoraeotomy). The physieian carefully counted the ribs to find the fourth intereostal spaee and cut 
the layers of tissue to enter the pleural spaee (eavity). She vvas particularly careful to avoid important 
anatomie structures. 

The ineision vvas made in the fourth left intereostal spaee along a line that extended from the 
lateral margin of the sternum to the anterior axillary line. The follovving structures vvere ineised: skin, 
subcutaneous tissue, peetoral muscles and serratus anterior muscle, external intereostal muscle and 
anterior intereostal membrane, internal intereostal muscle, innermost intereostal muscle, endothoraeie 
faseia, and parietal pleura. The internal thoraeie artery, vvhieh deseends just lateral to the sternum and 
the intereostal vessels and nerve, must be avoided as the knife cutsthrough the layers of tissue to enter 
the ehest. The cause of the hemorrhage vvas perforation of the left atrium of the heart by the bullet. 
A physieian must have knovvledge of ehest vvall anatomy to make a reasoned diagnosis and instiMe 
treatment. 
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GHAPTER OBJEGTIVES 


■ An understanding of the structure of the ehest wall and the 
diaphragm is essential if one is to understand the normal move- 
ments of the ehest wall in the proeess of aeration of the lungs. 
Gontained within the proteetive thoraeie eage are the important 
life-sustaining organs—lungs, heart, and major blood vessels. In 
addition,the lower part of the eage overlapsthe upper abdomi- 
nal organs, such as the liver, stomaeh, and spleen, and offers 
them eonsiderable proteetion. Although the ehest wall is strong. 


blunt or penetrating wounds ean injure the soft organs beneath 
it. This is espeeially so in an era in which automobile aeeidents, 
stab wounds, and gunshot wounds are eommonplaee. 

■ Because of the elinieal importanee of the ehest wall, examiners 
tend to focus on this area. Questions eoneerning the ribs and 
their movements; the diaphragm, its attaehments, and its func- 
tion; and the eontents of an intereostal spaee have been asked 
many times. 



Basig Anatomy 


The thorax (or ehest) is the region of the body between the 
neek and the abdomen. It is flattened in front and behind 
but rounded at the sides. The framework of the walls of the 
thorax, which is referred to as the thoraeie eage, is formed 
by the vertebral column behind, the ribs and intereostal 
spaees on either side, and the sternnm and eostal eartilages 
in front. Snperiorly, the thorax eommnnieates with the 
neek, and inferiorly it is separated from the abdomen by 
the diaphragm. The thoraeie eage proteets the lungs and 
heart and affords attaehment for the mnseles of the thorax, 
upper extremity, abdomen, and baek. 

The eavity of the thorax ean be divided into a median 
partition, ealled the mediastinum, and the laterally plaeed 
plenrae and lungs. The lungs are eovered by a thin mem- 
brane ealled the viseeral pleura, which passes from eaeh 
lung at its root (i.e., where the main air passages and blood 
vessels enter) to the inner snrfaee of the ehest wall, where 
it is ealled the parietal pleura. In this manner, two mem- 
branons saes ealled the pleural eavities are formed, one on 
eaeh side of the thorax, between the lungs and the thoraeie 
walls. 


Structure of the Thoraeie Wall 


Ist eostal eartilage and the upper part of the 2nd eostal ear- 
tilages on eaeh side (see Fig. 2.1). It lies opposite the 3rd 
and 4th thoraeie vertebrae. 

The body of the sternum artienlates above with the 
manubrium at the manubriosternal joint and below with 
the xiphoid proeess at the xiphisternal joint. On eaeh side, 
it artienlates with the 2nd to the 7th eostal eartilages (see 
Fig. 2.1). 

The xiphoid proeess (see Fig. 2.1) is a thin plate of ear- 
tilage that beeomes ossifled at its proximal end during adult 
life. No ribs or eostal eartilages are attaehed to it. 

The sternal angle (angle of Louis), formed by the artie- 
ulation of the manubrium with the body of the sternum, 
ean be reeognized by the presenee of a transverse ridge on 
the anterior aspeet of the sternnm (Fig. 2.2). The transverse 
ridge lies at the level of the 2nd eostal eartilage, the point 
from which all eostal eartilages and ribs are eonnted. The 
sternal angle lies opposite the intervertebral dise between 
the 4th and 5th thoraeie vertebrae. 

The xiphisternal joint lies opposite the body of the 
ninth thoraeie vertebra (see Fig. 2.2). 



The thoraeie wall is eovered on the ontside by skin and 
by mnseles attaehing the shonlder girdle to the trunk. It is 
lined with parietal pleura. 

The thoraeie wall is formed posteriorly by the thoraeie 
part of the vertebral column; anteriorly by the sternnm and 
eostal eartilages (Fig. 2.1); laterally by the ribs and intereos- 
tal spaees; snperiorly by the suprapleural membrane; and 
inferiorly by the diaphragm, which separates the thoraeie 
eavity from the abdominal eavity. 


Sternum and Marrow Bìopsy 

Sinee the sternum possesses red hematopoietie marrow 
throughout life, it is a eommon site for marrow biopsy. 
Llnder a loeal anesthetie, a wide-bore needle is introduced 
into the marrow eavity through the anterior surface of the 
bone. The sternum may also be split at operation to allow 
the surgeon to gain easy aeeess to the heart, great vessels, 
and thymus. 

V_ J 


Sternum 

The sternnm lies in the midline of the anterior ehest wall. 
It is a flat bone that ean be divided into three parts: manu- 
brium sterni, body of the sternnm, and xiphoid proeess. 

The manubrium is the upper part of the sternum. It artie- 
ulates with the body of the sternum at the manubriosternal 
joint, and it also artienlates with the elavieles and with the 


Ribs 

There are 12 pairs of ribs, all of which are attaehed poste- 
riorly to the thoraeie vertebrae (Figs. 2.1 and 2.3, 2.4, and 
2.5). The ribs are divided into three eategories: 

True ribs: The upper seven pairs are attaehed anteriorly to 
the sternnm by their eostal eartilages. 
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FIGURE 2.1 A. Anterior vievv of the sternum. B. Sternum, ribs, and eostal eartilages forming the thoraeie skeleton 


False ribs: The 8th, 9th, and lOth pairs of ribs are attaehed 
anteriorly to eaeh other and to the 7th rib by means of 
their eostal eartilages and small synovial joints. 

Floating ribs: The llth and 12th pairs have no anterior 
attaehment. 

Typieal Rib 

A typieal rib is a long, twisted, fiat bone having a ronnded, 
smooth snperior border and a sharp, thin inferior border 
(see Figs. 2.4 and 2.5). The inferior border overhangs and 
forms the eostal groove, which aeeommodates the inter- 
eostal vessels and nerve. The anterior end of eaeh rib is 
attaehed to the eorresponding eostal eartilage (Fig. 2.4). 

A rib has a head, neek, tnberele, shaft, and angle (see 
Figs. 2.4 and 2.5). The head has two faeets for artienla- 
tion with the nnmerieally eorresponding vertebral body 
and that of the vertebra immediately above (see Fig. 2.4). 
The neek is a eonstrieted portion sitnated between the 
head and the tnberele. The tnberele is a prominenee on 
the onter snrfaee of the rib at the jnnetion of the neek 
with the shaft. It has a faeet for artienlation with the 
transverse proeess of the nnmerieally eorresponding ver- 
tebra (see Fig. 2.4). The shaft is thin and flattened and 
twisted on its long axis. Its inferior border has the eos- 
tal groove. The angle is where the shaft of the rib bends 
sharply forward. 


Atypieal Rib 

The Ist rib is important elinieally beeanse of its elose rela- 
tionship to the lower nerves of the braehial plexus and the 

left braehioeephalie vein 

/ left eommon earotid artery 



FIGURE2.2 Lateral vievv of the thorax shovving the relation- 
ship of the surface markings to the vertebral levels. 
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FIGURE2.3 Thoraeie vertebra. A. Superior surface. B. Lateral surface. 



e L I N 


Cervìcal Rìb 


e A L 


N 0 T E S 


A eervieal rib (i.e., a rib arising from the anterior tubercle of the 
transverse proeess of the 7th eervieal vertebra) occurs in about 
0.5% of humans (Fig. 2.7). It may have a free anterior end, may 
be eonneeted to the Ist rib by a fibrous band, or may articu- 
late with the Ist rib. The importanee of a eervieal rib is that it 
ean cause pressure on the lower trunk of the braehial plexus 
in some patients, producing pain down the medial side of the 
forearm and hand and wasting of the small muscles of the hand. 
It ean also exert pressure on the overlying subclavian artery and 
interfere with the circulation of the upper limb. 



Rib Excísíon 

Rib excision is eommonly performed by thoraeie surgeons wish- 
ing to gain entranee to the thoraeie eavity. A longitudinal inei- 
sion is made through the periosteum on the outer surface of the 
rib, and a segment of the rib is removed. A seeond longitudinal 
ineision is then made through the bed of the rib, which is the 
inner eovering of periosteum. After the operation, the rib regen- 
erates from the osteogenetie layer of the periosteum. 
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FIGURE2.4 Fifth right rib as it articulates vvith the vertebral colunnn posteriorly and the sternom anteriorly. Note that the rib 
head articulates vvith the vertebral body of its ovvn number and that of the vertebra immediately above. Note also the pres- 
enee of the eostal groove along the inferior border of the rib. 
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FIGURE2.5 Fifth right rib, as seen from the posterior aspeet 


main vessels to the arm, namely, the snbelavian artery and 
vein (Fig. 2.6). This rib is small and flattened from above 
downward. The sealenns anterior mnsele is attaehed to its 
upper surface and inner border. Anterior to the sealenns 
anterior, the subclavian vein erosses the rib; posterior to 
the muscle attaehment, the subclavian artery and the lower 
trunk of the braehial plexus eross the rib and lie in eontaet 
with the bone. 


eartilages of the llth and 12th ribs end in the abdominal 
musculature (see Fig. 2.1). 

The eostal eartilages contribute signifleantly to the elas- 
tieity and mobility of the thoraeie walls. In old age, the 
eostal eartilages tend to lose some of their flexibility as the 
result of superflcial ealeifleation. 

Joints of the Chest Wall 

Joints of the Sternunn 

The manubriosternal joint is a eartilaginons joint 
between the manubrium and the body of the sternum. 
A small amount of angular movement is possible during 
respiration. The xiphisternal joint is a eartilaginons joint 
between the xiphoid proeess (eartilage) and the body of the 
sternum. The xiphoid proeess usually fuses with the body 
of the sternum during middle age. 

Joints of the Ribs 

Joints of the Heads of the Ribs 

The Ist rib and the three lowest ribs have a single syno- 
vial joint with their eorresponding vertebral body. For the 
2nd to 9th ribs, the head articulates by means of a synovial 
joint with the eorresponding vertebral body and that of 
the vertebra above it (see Fig. 2.4). There is a strong intra- 
articular ligament that eonneets the head to the interver- 
tebral dise. 


Gostal Gartilages 

Gostal eartilages are bars of eartilage eonneeting the upper 
seven ribs to the lateral edge of the sternnm and the 8th, 
9th, and lOth ribs to the eartilage immediately above. The 


Joints of theTubercles of the Ribs 

The tubercle of a rib articulates by means of a synovial 
joint with the transverse proeess of the eorresponding ver- 
tebra (see Fig. 2.4). (This joint is absent on the llth and 
12th ribs.) 
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FIGURE2.6 Thoraeie outlet shovving the eervieal dome of pleura on the left side of the body and its relationship to the inner 
border of the 1 st rib. Note also the presenee of braehial plexus and subclavian vessels. (Anatomists often refer to the tho- 
raeie outlet as the thoraeie inlet.) 
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FIGURE 2.7 Thoraeie outlet as seen from above. Note the 
presenee of the eervieal ribs {blaek) on both sides. On the 
hght side of the thorax, the rib is almost eomplete and 
articulates antehorly vvith the 1st hb. On the left side of the 
thorax, the rib is rudimentary but is continued forvvard as a 
fibrous band that is attaehed to the first eostal eartilage. Note 
that the eervieal rib may exert pressure on the lovver trunk of 
the braehial plexus and may kink the subclavian artery. 


The thoraeie eavity communicates with the abdomen 
through a large opening. The opening is bounded poste- 
riorly by the 12th thoraeie vertebra, laterally by the curv- 
ing eostal margin, and anteriorly by the xiphisternal joint. 
Through this large opening, which is elosed by the dia- 
phragm, pass the esophagns and many large vessels and 
nerves, all of which pieree the diaphragm. 



The Thoraeie Outlet Syndrome 

The braehial plexus of nerves (C5, 6, 7, and 8 and Tl) and the 
subclavian artery and vein are elosely related to the upper sur- 
faee of the Ist rib and the elaviele asthey enterthe upper limb 
(see Fig. 2.6). It is here that the nerves or blood vessels may 
be eompressed betvveen the bones. Most of the symptoms are 
caused by pressure on the lovvertrunkofthe plexus producing 
pain dovvn the medial side of the forearm and hand and vvast- 
ing of the small muscles of the hand. Pressure on the blood 
vessels may eompromise the circulation of the upper limb. 

V___ J 


Joints of the Ribs and Gostal Gartilages 

These joints are cartilaginous joints. No movement is 
possible. 

Joints of the Gostal Gartilages with the Sternunn 

The Ist eostal eartilages artienlate with the manubrium, by 
cartilaginous joints that permit no movement (see Fig. 2.1). 
The 2nd to 7th eostal eartilages artienlate with the lateral 
border of the sternnm by synovial joints. In addition, the 
6th, 7th, 8th, 9th, and lOth eostal eartilages artienlate with 
one another along their borders by small synovial joints. 
The eartilages of the llth and 12th ribs are embedded in 
the abdominal musculature. 

Movements of the Ribs and Gostal eartilages 

The Ist ribs and their eostal eartilages are fìxed to the man- 
ubrium and are immobile. The raising and lowering of the 
ribs during respiration are aeeompanied by movements in 
both the joints of the head and the tnberele, permitting the 
neek of eaeh rib to rotate around its own axis. 

Openings of theThorax 

The ehest eavity eommnnieates with the root of the neek 
throngh an opening ealled the thoraeie outlet. It is ealled 
an outlet beeanse important vessels and nerves emerge 
from the thorax here to enter the neek and upper limbs. 
The opening is bonnded posteriorly by the Ist thoraeie 
vertebra, laterally by the medial borders of the Ist ribs 
and their eostal eartilages, and anteriorly by the snperior 
border of the manubrium sterni. The opening is obliquely 
plaeed faeing upward and forward. Throngh this small 
opening pass the esophagns and traehea and many 
vessels and nerves. Beeanse of the obliquity of the open- 
ing, the apiees of the lung and plenrae projeet upward 
into the neek. 


intereostal Spaees 

The spaees between the ribs eontain three mnseles of respi- 
ration: the external intereostal, the internal intereostal, and 
the innermost intereostal muscle. The innermost intereostal 
muscle is lined internally by the endothoraeie faseia, which 
is lined internally by the parietal pleura. The intereostal 
nerves and blood vessels run between the intermediate and 
deepest layers of mnseles (Fig. 2.8). They are arranged in 
the following order from above downward: intereostal vein, 
intereostal artery, and intereostal nerve (i.e., VAN). 

intereostal Mnseles 

The external intereostal muscle forms the most super- 
fieial layer. Its fibers are direeted downward and forward 
from the inferior border of the rib above to the snperior 
border of the rib below (see Fig. 2.8). The muscle extends 
forward to the eostal eartilage where it is replaeed by an 
aponenrosis, the anterior (external) intereostal mem- 
brane (Fig. 2.9). 

The internal intereostal muscle forms the intermedi- 
ate layer. Its fibers are direeted downward and backward 
from the snbeostal groove of the rib above to the upper 
border of the rib below (see Fig. 2.8). The muscle extends 
backward from the sternnm in front to the angles of the 
ribs behind, where the muscle is replaeed by an aponeu- 
rosis, the posterior (internal) intereostal membrane (see 
Fig. 2.9). 

The innermost intereostal muscle forms the deepest 
layer and eorresponds to the transversns abdominis muscle 
in the anterior abdominal wall. It is an ineomplete muscle 
layer and erosses more than one intereostal spaee within 
the ribs. It is related internally to faseia (endothoraeie fas- 
eia) and parietal pleura and externally to the intereostal 
nerves and vessels. The innermost intereostal muscle ean be 
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FIGURE2.8 A. Seetion through an intereostal spaee. B. Structures penetrated by a needle vvhen it passes from skin surface 
to pleural eavity. Depending on the site of penetration, the peetoral muscles vvill be piereed in addition to the serratus ante- 
rior muscle. 


divided into three portions (see Fig. 2.9), which are more or 
less separate from one another. 

Aetion 

When the intereostal mnseles eontraet, they all tend to 
pull the ribs nearer to one another. If the Ist rib is fixed 
by the eontraetion of the muscles in the root of the neek, 
namely, the sealeni mnseles, the intereostal mnseles raise 
the 2nd to the 12th ribs toward the Ist rib, as in inspi- 
ration. If, eonversely, the 12th rib is fixed by the quad- 
ratus lumborum muscle and the oblique muscles of the 
abdomen, the Ist to the llth ribs will be lowered by the 


eontraetion of the intereostal mnseles, as in expiration. In 
addition, the tone of the intereostal mnseles during the 
different phases of respiration serves to strengthen the tis- 
sues of the intereostal spaees, thus preventing the suck- 
ing in or the blowing out of the tissues with ehanges in 
intrathoraeie pressnre. For fnrther details eoneerning the 
aetion of these mnseles, see Meehanies of Respiration on 
page 74. 

Nerve Supply 

The intereostal mnseles are snpplied by the eorresponding 
intereostal nerves. 
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FIGURE 2.9 Gross seetion of the thorax shovving distribution of a typieal intereostal nerve and a posterior and an anterior 
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The intereostal nerves and blood vessels (the nenrovasenlar 
bnndle), as in the abdominal wall, run between the middle and 
innermost layers of muscles (see Figs. 2.8 and 2.9). They are 
arranged in the following order from above downward: inter- 
eostal vein, intereostal artery and intereostal nerve (i.e., VAN). 

intereostal Arteries and Veins 

Eaeh intereostal spaee eontains a large single posterior 
intereostal artery and two small anterior intereostal arteries. 

■ The posterior intereostal arteries of the frrst two spaees 
are branehes from the snperior intereostal artery, a 
braneh of the eostoeervieal trunk of the snbelavian 
artery. The posterior intereostal arteries of the lower 
nine spaees are branehes of the deseending thoraeie 
aorta (Figs. 2.9 and 2.10). 

■ The anterior intereostal arteries of the frrst six spaees 
are branehes of the internal thoraeie artery (see Figs. 
2.9 and 2.10), which arises from the first part of the 
snbelavian artery. The anterior intereostal arteries of 
the lower spaees are branehes of the musculophrenic 
artery, one of the terminal branehes of the internal 
thoraeie artery. 

Eaeh intereostal artery gives off branehes to the mnseles, 
skin, and parietal pleura. In the region of the breast in the 
female, the branehes to the snperfieial structures are par- 
ticularly large. 

The eorresponding posterior intereostal veins drain 
backward into the azygos or hemiazygos veins (Figs. 2.10 
and 2.11), and the anterior intereostal veins drain forward 
into the internal thoraeie and the musculophrenic veins. 


intereostal Nerves 

The intereostal nerves are the anterior rami of the first 
11 thoraeie spinal nerves (Fig. 2.12). The anterior ramus of 
the 12th thoraeie nerve lies in the abdomen and runs for- 
ward in the abdominal wall as the snbeostal nerve. 

Eaeh intereostal nerve enters an intereostal spaee 
between the parietal pleura and the posterior intereostal 
membrane (see Figs. 2.8 and 2.9). It then runs forward 
inferiorly to the intereostal vessels in the snbeostal groove 
of the eorresponding rib, between the innermost intereos- 
tal and internal intereostal muscle. The first six nerves are 
distribnted within their intereostal spaees. The 7th to 9th 
intereostal nerves leave the anterior ends of their intereostal 
spaees by passing deep to the eostal eartilages, to enter the 
anterior abdominal wall. The lOth and llth nerves, sinee 
the eorresponding ribs are floating, pass direetly into the 
abdominal wall. 

Branehes 

See Fignres 2.9 and 2.12. 

■ Rami communicantes eonneet the intereostal nerve to 
a ganglion of the sympathetie trunk (see Fig. 1.26). The 
gray ramus joins the nerve medial at the point at which 
the white ramus leaves it. 

■ The eollateral braneh runs forward inferiorly to the 
main nerve on the upper border of the rib below. 



Skìn Innervatìon of the Ghest Wall and 
Referred Paìn 

Above the level of the sternal angle, the cutaneous innerva- 
tion of the anterior ehest wall is derived from the snpraela- 
vienlar nerves (C3 and 4). Below this level, the anterior and 
lateral cutaneous branehes of the intereostal nerves supply 
oblique bands of skin in regular sequence. The skin on the 
posterior surface of the ehest wall is supplied by the posterior 
rami ofthe spinal nerves.The arrangement ofthe dermatomes 
is shown in Figures 1.23 and 1.24. 

An intereostal nerve not only supplies areas of skin, 
but also supplies the ribs, eostal eartilages, intereostal 
muscles, and parietal pleura lining the intereostal spaee. 
Furthermore, the 7th to llth intereostal nerves leave the 
thoraeie wall and enter the anterior abdominal wall so 
that they, in addition, supply dermatomes on the anterior 
abdominal wall, muscles of the anterior abdominal wall, 
and parietal peritoneum. This latter faet is of great elinieal 
importanee because it means that disease in the thoraeie 
wall may be revealed as pain in a dermatome that extends 
aeross the eostal margin into the anterior abdominal wall. 
For example, a pulmonary thromboembolism or a pneumo- 
nia with pleurisy involving the eostal parietal pleura could 
give rise to abdominal pain and tenderness and rigidity of 
the abdominal musculature. The abdominal pain in these 
instanees is ealled referred pain. 


Herpes Zoster 

Flerpes zoster, or shingles, is a relatively eommon eondition 
caused bythe reaetivation of the latent varieella-zoster virus 
in a patient who has previously had chickenpox. The lesion is 
seen as an inflammation and degeneration of the sensory neu- 
ron in a eranial or spinal nerve with the formation of vesieles 
with inflammation of the skin. In the thorax, the first symptom 
is a band of dermatomal pain in the distribution of the sensory 
neuron in a thoraeie spinal nerve, followed in a few days by a 
skin eruption. The eondition occurs mostfrequently in patients 
olderthan 50 years. 

V___ J 


■ The lateral cutaneous braneh reaehes the skin on the 
side of the ehest. It divides into an anterior and a poste- 
rior braneh. 

■ The anterior cutaneous braneh, which is the terminal 
portion of the main trnnk, reaehes the skin near the 
midline. It divides into a medial and a lateral braneh. 

■ Muscular branehes run to the intereostal muscles. 

■ Plenral sensory branehes go to the parietal pleura. 

■ Peritoneal sensory branehes (7th to llth intereostal 
nerves only) run to the parietal peritonenm. 

The first intereostal nerve is joined to the braehial plexus 
by a large braneh that is equivalent to the lateral cutaneous 
braneh of typieal intereostal nerves. The remainder of the 
flrst intereostal nerve is small, and there is no anterior cuta- 
neous braneh. 
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FIGURE2.10 A. Internal vievv of the posterior end of tvvo typieal intereostal spaees; the posterior intereostal membrane has 
been removed for elarity. B. Anterior vievv of the ehest shovving the courses of the internal thoraeie vessels. These vessels 
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The seeond intereostal nerve is joined to the medial 
entaneons nerve of the arm by a braneh ealled the inter- 
eostobraehial nerve, which is equivalent to the lateral cuta- 
neous braneh of other nerves. The 2nd intereostal nerve 
therefore snpplies the skin of the armpit and the upper 
medial side of the arm. In eoronary artery disease, pain 
is referred along this nerve to the medial side of the arm. 


With the exceptions noted, the Ist six intereostal nerves 
therefore supply the skin and the parietal pleura eovering the 
outer and inner snrfaees of eaeh intereostal spaee, respee- 
tively, and the intereostal mnseles of eaeh intereostal spaee 
and the levatores eostarnm and serratns posterior mnseles. 

In addition, the 7th to 1 Ith intereostal nerves supply the 
skin and the parietal peritonenm eovering the outer and 
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FIGURE2.11 The eommon arrangement of the azygos vein, 
the superior hemiazygos (aeeessory hemiazygos) vein, and 
the inferior hemiazygos (hemiazygos) vein. 
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FIGURE2.12 The distribution of tvvo intereostal nerves 
relative to the rib eage. 
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Intereostal Nerve Bloek 
Area of Anesthesia 

The skin and the parietal pleura eover the outer and inner sur- 
faees of eaeh intereostal spaee, respeetively; the 7th to llth 
intereostal nerves supply the skin and the parietal peritoneum 
eovering the outer and inner surfaces of the abdominal wall, 
respeetively. Therefore, an intereostal nerve bloek will also 
anesthetize these areas. In addition,the periosteum ofthe adja- 
eent ribs is anesthetized. 


indieations 

intereostal nerve bloek is indieated for repair of laeerations of 
the thoraeie and abdominal walls, for relief of pain in rib frae- 
tures, and to allow pain-free respiratory movements. 

Proeednre 

To produce analgesia of the anterior and lateral thoraeie and 
abdominal walls, the intereostal nerve should be bloeked before 
the lateral cutaneous braneh arises at the midaxillary line. The 


ribs may be identified by counting down from the 2nd (opposite 
sternal angle) or up from the 12th. The needle is direeted toward 
the rib near the lower border (see Fig. 2.8), and the tip eomes 
to rest near the subcostal groove, where the loeal anesthetie is 
infiltrated around the nerve. Remember that the order of struc- 
tures lying in the neurovascular bundle from above downward 
is intereostal vein, artery, and nerve and that these structures 
are situated between the posterior intereostal membrane of the 
internal intereostal muscle and the parietal pleura. Furthermore, 
laterally, the nerve lies between the internal intereostal muscle 
and the innermost intereostal muscle. 

Anatomy of Complications 

Gomplieations include pneumothorax and hemorrhage. 

Pneumothoraxcan occur ifthe needle pointmissesthe subcos- 
tal groove and penetrates too deeply through the parietal pleura. 

Hemorrhage is caused by the puncture of the intereostal 
blood vessels. This is a eommon eomplieation, so aspiration 
should always be performed before injeeting the anesthetie. 
A small hematoma may result. 


inner snrfaees of the abdominal wall, respeetively, and the 
anterior abdominal mnseles, which inelnde the external 
oblique, internal oblique, transversus abdominis, and ree- 
tus abdominis mnseles. 


Endothoraeie Faseia 

The endothoraeie faseia is a thin layer of loose eonneetive tis- 
sue that separates the parietal pleura from the thoraeie wall. 
The suprapleural membrane is a thiekening of this faseia. 


Snpraplenral Membrane 

Snperiorly, the thorax opens into the root of the neek by 
a narrow apertnre, the thoraeie outlet (see page 39). The 
outlet transmits structures that pass between the thorax 
and the neek (esophagns, traehea, blood vessels, ete.) and 
for the most part lie elose to the midline. On either side 
of these structures, the outlet is elosed by a dense faseial 
layer ealled the suprapleural membrane (Fig. 2.13). This 
tent-shaped fibrons sheet is attaehed laterally to the medial 
border of the Ist rib and eostal eartilage. It is attaehed at 
its apex to the tip of the transverse proeess of the seventh 
eervieal vertebra and medially to the faseia investing the 
structures passing from the thorax into the neek. It pro- 
teets the nnderlying eervieal pleura and resists the ehanges 
in intrathoraeie pressnre oeenrring during respiratory 
movements. 



Thoraeie Cage Dístortíon 

The shape of the thorax ean be distorted by eongenital anom- 
alies of the vertebral column or by the ribs. Destructive dis- 
ease of the vertebral column that produces lateral flexion or 
seoliosis results in marked distortion of the thoraeie eage. 
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FIGIJRE 2.13 Lateral view of the upper opening of the 
thoraeie eage showing how the apex of the lung projeets 
superiorly into the root of the neek. The apex of the lung is 
eovered with viseeral and parietal layers of pleura and is pro- 
teeted by the suprapleural membrane, which is a thiekening 
of the endothoraeie faseia. 
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Diaphragm 

The diaphragm is a thin mnsenlar and tendinons septnm 
that separates the ehest eavity above from the abdominal 
eavity below (Fig. 2.16). It is piereed by the strnetnres that 
pass between the ehest and the abdomen. 

The diaphragm is the most important mnsele of respira- 
tion. It is dome shaped and eonsists of a peripheral mus- 
cular part, which arises from the margins of the thoraeie 
opening, and a eentrally plaeed tendon (see Fig. 2.16). The 
origin of the diaphragm ean be divided into three parts: 

A sternal part arising from the posterior snrfaee of the 
xiphoid proeess (see Fig. 2.2) 

A eostal part arising from the deep snrfaees of the lower six 
ribs and their eostal eartilages (see Fig. 2.16) 

A vertebral part arising by vertieal eolnmns or crura and 
from the arenate ligaments 

The right crus arises from the sides of the bodies of the first 
three lumbar vertebrae and the intervertebral dises; the left 


crus arises from the sides of the bodies of the first two lumbar 
vertebrae and the intervertebral dise (see Fig. 2.16). Lateral to 
the crura the diaphragm arises from the medial and lateral 
arcuate ligaments (see Fig. 2.16). The medial arenate liga- 
ment extends from the side of the body of the seeond lumbar 
vertebra to the tip of the transverse proeess of the first lumbar 
vertebra. The lateral arcuate ligament extends from the tip 
of the transverse proeess of the first lumbar vertebra to the 
lower border of the 12th rib. The medial borders of the two 
crura are eonneeted by a median arenate ligament, which 
erosses over the anterior snrfaee of the aorta (see Fig. 2.16). 

The diaphragm is inserted into a eentral tendon, which 
is shaped like three leaves. The snperior snrfaee of the ten- 
don is partially fnsed with the inferior snrfaee of the fibrons 
perieardinm. Some of the muscle fibers of the right crus 
pass up to the left and surround the esophageal orifiee in 
a slinglike loop. These fibers appear to aet as a sphineter 
and possibly assist in the prevention of regnrgitation of the 
stomaeh eontents into the thoraeie part of the esophagns 
(see Fig. 2.16). 



Traumatic lnjury to the Thorax 

Traumatic injury to the thorax is eommon, espeeially as a result 
of automobile aeeidents. 


Fractured Sternum 

The sternum is a resilient structure that is held in position by 
relatively pliable eostal eartilages and bendable ribs. Forthese 
reasons,fracture ofthe sternum is noteommon; hovvever, itdoes 
occur in high-speed motorvehiele aeeidents. Rememberthatthe 
heart lies posterior to the sternum and may be severely contused 
by the sternum on impaet. 

Rib Contusion 

Bruising of a rib, seeondary to trauma, is the most eommon 
rib injury. In this painful eondition, a small hemorrhage occurs 
beneath the periosteum. 

Rib Fraetnres 

Fractures of the ribs are eommon ehest injuries. In ehildren, 
the ribs are highly elastie, and fractures in this age group are 
therefore rare. Unfortunately, the pliable ehest wall in the young 
ean be easily eompressed so thatthe underlying lungs and heart 
may be injured. With inereasing age, the rib eage beeomes more 
rigid, owing to the deposit of calcium in the eostal eartilages, and 
the ribs beeome brittle.The ribsthentendto breakattheirweak- 
est part, their angles. 

The ribs prone to fracture are those that are exposed or rela- 
tively fixed. Ribs 5 through 10 are the most eommonly fractured 
ribs. The first four ribs are proteeted by the elaviele and peetoral 
muscles anteriorly and by the scapula and its assoeiated muscles 
posteriorly. The llth and 12th ribs float and move with the foree of 
impaet. 

Because the rib is sandwiched between the skin externally 
and the delieate pleura internally, it is not surprising that the 


jagged ends of a fractured rib may penetrate the lungs and pres- 

ent as a pneumothorax. 

Severe loealized pain is usually the most important symptom 
of a fractured rib. The periosteum of eaeh rib is innervated by the 
intereostal nerves above and below the rib. To encourage the 
patient to breathe adequately, it may be neeessary to relieve the 
pain by performing an intereostal nerve bloek. 

Flail Ghest 

In severe crush injuries, a number of ribs may break. If lim- 
ited to one side, the fractures may occur near the rib angles 
and anteriorly near the eostoehondral junctions. This causes 
flail ehest, in which a seetion of the ehest wall is diseon- 
neeted to the rest of the thoraeie wall. If the fractures occur on 
either side of the sternum, the sternum may be flail. In either 
case,the stability of the ehest wall is lost, and the flail segment 
is sucked in during inspiration and driven out during expiration, 
producing paradoxical and ineffeetive respiratory movements. 

Traumatic lnjury to the Baek of the Ghest 

The posterior wall ofthe ehestinthe midline isformed bythe ver- 
tebral column. In severe posterior ehest injuries, the possibility 
of a vertebral fracture with assoeiated injury to the spinal eord 
should be eonsidered. Remember also the presenee of the seap- 
ula, which overlies the upper seven ribs. This bone is eovered 
with muscles and is fractured only in eases of severe trauma. 

Traumatic lnjury to the Abdominal Viseera 
and the Ghest 

When the anatomy of the thorax is reviewed, it is important to 
remember that the upper abdominal organs—namely, the liver, 
stomaeh, and spleen—may be injured by trauma to the rib eage. 
In faet, any injury to the ehest below the level of the nipple line 
may involve abdominal organs as well as ehest organs. 
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Shape of the Diaphragm 

As seen from in front, the diaphragm enrves up into right 
and left domes, or cupulae. The right dome reaehes as high 
as the upper border of the 5th rib, and the left dome may 
reaeh the lower border of the 5th rib. (The right dome lies 
at a higher level, beeanse of the large size of the right lobe of 
the liver.) The eentral tendon lies at the level of the xiphi- 
sternal joint. The domes snpport the right and left lungs, 
whereas the eentral tendon snpports the heart. The levels of 
the diaphragm vary with the phase of respiration, the pos- 
ture, and the degree of distention of the abdominal viseera. 
The diaphragm is lower when a person is sitting or stand- 
ing; it is higher in the supine position and after a large meal. 

When seen from the side, the diaphragm has the appear- 
anee of an inverted J, the long limb extending up from the 
vertebral column and the short limb extending forward to 
the xiphoid proeess (see Fig. 2.2). 

Nerve Supply of the Diaphragm 

Motor nerve snpply: The right and left phrenie nerves 
(C3,4,5). 

Sensory nerve snpply: The parietal pleura and peritonenm 
eovering the eentral snrfaees of the diaphragm are from 
the phrenie nerve and the periphery of the diaphragm is 
from the lower six intereostal nerves. 

Aetion of the Diaphragm 

On eontraetion, the diaphragm pulls down its eentral ten- 
don and inereases the vertieal diameter of the thorax. 


Functions of the Diaphragm 

■ Mnsele of inspiration: On eontraetion, the diaphragm 
pulls its eentral tendon down and inereases the verti- 
eal diameter of the thorax. The diaphragm is the most 
important muscle used in inspiration. 

■ Mnsele of abdominal straining: The eontraetion of the 
diaphragm assists the eontraetion of the mnseles of the 
anterior abdominal wall in raising the intra-abdominal 
pressnre for mietnrition, defeeation, and partnrition. 
This meehanism is fnrther aided by the person taking 
a deep breath and elosing the glottis of the larynx. The 
diaphragm is unable to rise beeanse of the air trapped 
in the respiratory traet. Now and again, air is allowed to 
eseape, prodneing a grnnting sound. 

■ Weight-lifting mnsele: In a person taking a deep 
breath and holding it (fixing the diaphragm), the dia- 
phragm assists the mnseles of the anterior abdominal 
wall in raising the intra-abdominal pressnre to such an 
extent that it helps snpport the vertebral column and 
prevent fiexion. This greatly assists the postvertebral 
mnseles in the lifting of heavy weights. Needless to say, 
it is important to have adequate sphineterie eontrol of 
the bladder and anal eanal under these eirenmstanees. 

■ Thoraeoabdominal pump: The deseent of the dia- 
phragm deereases the intrathoraeie pressnre and at the 
same time inereases the intra-abdominal pressnre. This 
pressnre ehange eompresses the blood in the inferior 
vena eava and forees it upward into the right atrium of 
the heart. Lymph within the abdominal lymph vessels is 
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Needle Thoraeostomy 

A needle thoraeostomy is neeessary in patients with tension 
pneumothorax (air in the pleural eavity under pressure) or to 
drain fluid (blood or pus) away from the pleural eavity to allow 
the lung to reexpand. It may also be neeessary to withdraw a 
sample of pleural fluid for mierobiologie examination. 

Anterior Approaeh 

For the anterior approaeh, the patient is in the supine position. 
The sternal angle is identified, and then the 2nd eostal eartilage, 
the 2nd rib, and the seeond intereostal spaee are found in the 
midclavicular line. 

Lateral Approaeh 

For the lateral approaeh, the patient is lying on the lateral side. 
The 2nd intereostal spaee is identified as above, butthe anterior 
axillary line is used. 

The skin is prepared in the usual way, and a loeal anesthetie 
is introduced along the course of the needle above the upper bor- 
der of the 3rd rib. The thoraeostomy needle will pieree the follow- 
ing structures as it passes through the ehest wall (see Fig. 2.8): 
(a) skin, (b) superficial faseia (in the anterior approaeh the pee- 
toral muscles are then penetrated), (e) serratus anterior muscle. 


(d) external intereostal muscle, (e) internal intereostal muscle, (f) 
innermost intereostal muscle, (g) endothoraeie faseia, and (h) pari- 
etal pleura. 

The needle should be kept elose to the upper border of the 
3rd rib to avoid injuring the intereostal vessels and nerve in the 
subcostal groove. 


Tube Thoraeostomy 

The preferred insertion site for a tube thoraeostomy is the fourth 
or fifth intereostal spaee at the anterior axillary line (Fig. 2.14). 
The tube is introduced through a small ineision. The neurovas- 
cular bundle ehanges its relationship to the ribs as it passes for- 
ward in the intereostal spaee. In the most posterior part of the 
spaee, the bundle lies in the middle of the intereostal spaee. As 
the bundle passes forward to the rib angle, it beeomes elosely 
related to the lower border of the rib above and maintains that 
position as it courses forward. 

The introduction of a thoraeostomy tube or needle through 
the lower intereostal spaees is possible provided thatthe pres- 
enee of the domes of the diaphragm is remembered as they 
curve upward into the rib eage as far as the 5th rib (higher on the 
right). Avoid damaging the diaphragm and entering the perito- 
neal eavity and injuring the liver, spleen, or stomaeh. 
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Thoraeotomy 

In patients with penetrating ehest wounds with uncontrolled 
intrathoraeie hemorrhage, thoraeotomy may be a life-sav- 
ing procedure. After preparing the skin in the usual way, the 
physieian makes an ineision over the fourth or fifth intereos- 
tal spaee, extending from the lateral margin of the sternum to 
the anterior axillary line (Fig. 2.15). VVhether to make a right or 
left ineision depends on the site of the injury. For aeeess to the 
heart and the aorta, the ehest should be entered from the left 
side. The following tissues will be ineised (see Fig. 2.14): (a) 
skin, (b) subcutaneous tissue, (e) serratus anterior and peeto- 
ral muscles, (d) external intereostal muscle and anterior inter- 
eostal membrane, (e) internal intereostal muscle, (f) innermost 
intereostal muscle, (g) endothoraeie faseia, and (h) parietal 
pleura. 

Avoid the internal thoraeie artery, which runs vertieally 
downward behind the eostal eartilages about a fingerbreadth 
lateral to the margin of the sternum, and the intereostal vessels 
and nerve, which extend forward in the subcostal groove in the 
upper part of the intereostal spaee (see Fig. 2.14). 


Hieenp 

Hiccup is the involuntary spasmodie eontraetion of the dia- 
phragm aeeompanied by the approximation of the voeal folds 
and closure of the glottis of the larynx. It is a eommon eondition 


in normal individuals and occurs after eating or drinking as a 
result of gastrie irritation of the vagus nerve endings. It may, 
however, be a symptom of disease such as pleurisy, peritonitis, 
periearditis, or uremia. 

Paralysìs of the Diaphragm 

A single dome of the diaphragm may be paralyzed by crushing 
or seetioning of the phrenie nerve in the neek. This may be nee- 
essary in the treatment of eertain forms of lung tuberculosis, 
when the physieian wishes to rest the lower lobe of the lung 
on one side. Oeeasionally, the contribution from the fifth eervi- 
eal spinal nerve joins the phrenie nerve late as a braneh from 
the nerve to the subclavius muscle. This is known as the aeees- 
sory phrenie nerve. To obtain eomplete paralysis under these 
circumstances, the nerve to the subclavius muscle must also 
be seetioned. 

Penetratíng Injnries of the Diaphragm 

Penetrating injuries ean result from stab or bullet wounds to the 
ehest or abdomen. Any penetrating wound to the ehest below 
the level of the nipples should be suspected of causing damage 
to the diaphragm until proved otherwise. The arehing domes of 
the diaphragm ean reaeh the level of the 5th rib (the right dome 
ean reaeh a higher level). 



also eompressed, and its passage upward within the tho- 
raeie duct is aided by the negative intrathoraeie pressnre. 
The presenee of valves within the thoraeie duct prevents 
backflow. 

Openings in the Diaphragnn 

The diaphragm has three main openings: 

■ The aortie opening lies anterior to the body of the 12th 
thoraeie vertebra between the crura (see Fig. 2.16). It 
transmits the aorta, the thoraeie duct, and the azygos vein. 

■ The esophageal opening lies at the level of the lOth tho- 
raeie vertebra in a sling of muscle flbers derived from the 
right crus (see Fig. 2.16). It transmits the esophagns, the 
right and left vagus nerves, the esophageal branehes of 
the left gastrie vessels, and the lymphaties from the lower 
third of the esophagns. 

■ The eaval opening lies at the level of the 8th thoraeie 
vertebra in the eentral tendon (see Fig. 2.16). It trans- 
mits the inferior vena eava and terminal branehes of the 
right phrenie nerve. 

In addition to these openings, the sympathetie splanehnie 
nerves pieree the crura; the sympathetie trunks pass pos- 
terior to the medial arenate ligament on eaeh side; and the 
snperior epigastrie vessels pass between the sternal and eos- 
tal origins of the diaphragm on eaeh side (see Fig. 2.16). 

Internal Thoraeie Artery 

The internal thoraeie artery snpplies the anterior wall of the 
body from the elaviele to the umbilicus. It is a braneh of the 
flrst part of the snbelavian artery in the neek. It deseends 


vertieally on the pleura behind the eostal eartilages, a 
flngerbreadth lateral to the sternnm, and ends in the sixth 
intereostal spaee by dividing into the snperior epigastrie 
and musculophrenic arteries (see Figs. 2.9 and 2.10). 

Branehes 

■ Two anterior intereostal arteries for the upper six inter- 
eostal spaees 

■ Perforating arteries, which aeeompany the terminal 
branehes of the eorresponding intereostal nerves 

■ The perieardiaeophrenie artery, which aeeompanies 
the phrenie nerve and snpplies the perieardinm 

■ Mediastinal arteries to the eontents of the anterior 
mediastinnm (e.g., the thymus) 

■ The snperior epigastrie artery, which enters the rectus 
sheath of the anterior abdominal wall and snpplies the 
rectus muscle as far as the umbilicus 

■ The mnsenlophrenie artery, which runs around the 
eostal margin of the diaphragm and snpplies the lower 
intereostal spaees and the diaphragm 

Internal Thoraeie Vein 

The internal thoraeie vein aeeompanies the internal tho- 
raeie artery and drains into the braehioeephalie vein on 
eaeh side. 

Levatores Costaruni 

There are 12 pairs of mnseles. Eaeh levator eosta is triangn- 
lar in shape and arises by its apex from the tip of the trans- 
verse proeess and is inserted into the rib below. 
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A 



intereostal vein 


intereostal artery 


intereostal nerve 


B 


soperfieial faseia 









lung 



viseeral pleura 


pleural eavity (spaee) 


parietal pleura 


innermost intereostal 


internal intereostal 


serratus anterior 


external 

intereostal 


FIGURE2.14 Tube thoraeostomy. A.The site for insertion of the tube at the anterior axillary line.The skin ineision is usually 
made over the intereostal spaee one belovv the spaee to be piereed. B.The various layers of tissue penetrated by the sealpel 
and later the tube as they pass through the ehest vvall to enter the pleural eavity (spaee). The ineision through the intereostal 
spaee is kept elose to the upper border of the rib to avoid injuring the intereostal vessels and nerve. G.The tube advaneing 
superiorly and posteriorly in the pleural spaee. 


■ Aetion: Eaeh raises the rib below and is therefore an 
inspiratory mnsele. 

■ Nerve snpply: Posterior rami of thoraeie spinal nerves. 

Serratus Posterior Superior Muscle 

The serratns posterior snperior is a thin, flat mnsele that 
arises from the lower eervieal and npper thoraeie spines. 
Its flbers pass downward and laterally and are inserted into 
the npper ribs. 

■ Aetion: It elevates the ribs and is therefore an inspiratory 
mnsele. 

■ Nerve snpply: intereostal nerves. 


Serratus Posterior Inferior Muscle 

The serratns posterior inferior is a thin, flat mnsele that 
arises from the npper Inmbar and lower thoraeie spines. 
Its flbers pass upward and laterally and are inserted into 
the lower ribs. 

■ Aetion: It depresses the ribs and is therefore an expira- 
tory muscle. 

■ Nerve snpply: intereostal nerves. 

A snmmary of the mnseles of the thorax, their nerve supply, 
and their aetions is given in Table 2.1. 
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peetoralis 



long thoraeie 


nerve 


left phrenie nerve 


FIGURE2.15 Left thoraeotomy. A. Site of skin ineision over fourth or fifth intereostal spaee. B.The exposed ribs and assoei- 
ated muscles.The line of ineision through the intereostal spaee should be plaeed elose to the upper border of the rib to avoid 
injuring the intereostal vessels and nerve. C. The pleural spaee opened and the left side of the mediastinum exposed.The left 
phrenie nerve deseends over the pericardium beneath the mediastinal pleura.The eollapsed left lung must be pushed out of 
the vvay to visualize the mediastinum. 
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right phrenie nerve 


inferior vena eava 


eentral tendon 


right crus 
left crus 


subcostal nerve 


quadratus lumborum muscle 



left phrenie nerve 


esophagus 


vagi 


median arcuate ligament 


medial arcuate ligament 


lateral arcuate ligament 


12 th rib 


psoas muscle 


sympathetie trunk 


FIGURE2.16 Diaph ragm as seen from belovv. The anterior portion of the right side has been removed. Note the sternal, eos- 
tal, and vertebral origins of the muscle and the important structures that pass through it. 


TABLE 2.1 

P Muscles of the Thorax 




Name of Mosele 

Origin Insertion 

Nerve Snpply 

Aetion 



External intereostal 
muscle (11) (fibers pass 
downward and forward) 


Inferior border of rib 


Internal intereostal 
muscle (11) (fibers 
pass downward and 
backward) 

Innermost intereostal 
muscle (ineomplete 
layer) 


Inferior border of rib 


Adjaeent ribs 


Diaphragm (most important Xiphoid proeess; 


muscle of respiration) 


lower six eostal 
eartilages, first 
three lumbar 
vertebrae 


Levatores costarum (12) 


Tip of transverse 
proeess of C7 and 
T1-11 vertebrae 


Serratus posterior superior Lower eervieal and 

upperthoracic 

spines 

Serratus posterior inferior Llpper lumbar and 

lower thoraeie 
spines 


Superior border of intereostal nerves With 1 st rib fixed, they raise ribs 


rib below 


during inspiration and thus 
inerease anteroposterior and 
transverse diameters of thorax 


Superior border of intereostal nerves With last rib fixed by abdominal 


rib below 


muscles, they lower ribs during 
expiration 


Adjaeent ribs 


intereostal nerves 


Assists external and internal 
intereostal muscles 


Gentral tendon 


Phrenie nerve 


Rib below 


Llpper ribs 


Posterior rami of 
thoraeie spinal 
nerves 

intereostal nerves 


Very important muscle of 
inspiration; inereases vertieal 
diameter of thorax by pulling 
eentral tendon downward; 
assists in raising lower ribs 
Also used in abdominal straining 
and weight lifting 

Raises ribs and therefore 
inspiratory muscles 


Raises ribs and therefore 
inspiratory muscles 


Lower ribs 


intereostal nerves Depresses ribs and therefore 

expiratory muscles 
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|5r5 Radiographig Anatomy 



This is fully deseribed on page 102. 



Internal Thoraeìe Artery ìn the Treatment 
of Goronary Artery Dìsease 


In patients with oeelnsive eoronary disease caused by athero- 
selerosis, the diseased arterial segment ean be bypassed by 
inserting a graft. The graft most eommonly used is the great 
saphenous vein of the leg (see page 453). In some patients, 
the myocardium ean be revascularized by surgically mobiliz- 
ing one of the internal thoraeie arteries and joining its distal 
cut end to a eoronary artery. 


Lymph Drainage of the Thoraeíe Wall 

The lymph drainage of the skin of the anterior ehest wall 
passes to the anterior axillary lymph nodes; that from the 
posterior ehest wall passes to the posterior axillary nodes 
(Fig. 2.18). The lymph drainage of the intereostal spaees 
passes forward to the internal thoraeie nodes, situated along 
the internal thoraeie artery, and posteriorly to the posterior 
intereostal nodes and the para-aortie nodes in the poste- 
rior mediastinum. The lymphatie drainage of the breast is 
deseribed on page 337. 

V___ J 






SURFACE AnATOMY 


Anterior Ghest Wall 


The suprasternal noteh is the superior margin of the 
manubrium sterni and is easily felt between the prominent 
medial ends of the elavieles in the midline (Figs. 2.19 and 
2.20). It lies opposite the lower border of the body of the 
2nd thoraeie vertebra (see Fig. 2.2). 


esoDhaaus 



A B 

FIGURE2.17 A. Sliding esophageal hernia. B. Paraesopha- 
geal hernia. 


The sternal angle (angle of Louis) is the angle made 
between the manubrium and the body of the sternum (see 
Figs. 2.19 and 2.20). It lies opposite the intervertebral dise 
between the 4th and 5th thoraeie vertebrae (see Fig. 2.2). The 
position of the sternal angle ean easily be felt and is often 
seen as a transverse ridge. The finger moved to the right or 
to the left will pass direetly onto the 2nd eostal eartilage and 
then the 2nd rib. All ribs may be eonnted from this point. 
Oeeasionally in a very muscular male, the ribs and intereos- 
tal spaees are often obscured by large peetoral muscles. In 
these eases, it may be easier to count up from the 12th rib. 

The xiphisternal joint is the joint between the xiphoid 
proeess of the sternum and the body of the sternum 
(Fig. 2.21). It lies opposite the body of the ninth thoraeie 
vertebra (see Fig. 2.2). 

The snbeostal angle is sitnated at the inferior end of the 
sternum, between the sternal attaehments of the 7th eostal 
eartilages (see Fig. 2.21). 

The eostal margin is the lower bonndary of the thorax 
and is formed by the eartilages of the 7th, 8th, 9th, and 
lOth ribs and the ends of the llth and 12th eartilages (see 
Figs. 2.19 and 2.20). The lowest part of the eostal margin 
is formed by the lOth rib and lies at the level of the third 
lumbar vertebra. 

The elaviele is subcutaneous throughout its entire 
length and ean be easily palpated (see Figs. 2.19 and 2.20). 
It artienlates at its lateral extremity with the aeromion pro- 
eess of the scapula. 



Anatomìe and Physìologie Ghanges ín the Thorax 
wíth Aging 

eertain anatomie and physiologie ehanges take plaee in the 
thorax with advaneing years: 

■ The rib eage beeomes more rigid and loses its elastieity 
as the result of ealeifieation and even ossifieation of the 
eostal eartilages; this also alters their usual radiographie 
appearanee. 

■ The stooped posture (kyphosis), so often seen in the 
old because of degeneration of the intervertebral dises, 
deereases the ehest eapaeity. 

■ Disnse atrophy of the thoraeie and abdominal muscles ean 
result in poor respiratory movements. 

■ Degeneration of the elastie tissne in the lungs and bronehi 
results in impairment of the movement of expiration. 

These ehanges, when severe, diminish the effieieney of respi- 
ratory movements and impair the ability of the individual to 
withstand respiratory disease. 

V___ J 


Ribs 

The Ist rib lies deep to the elaviele and eannot be palpated. 
The lateral snrfaees of the remaining ribs ean be felt by 
pressing the fingers upward into the axilla and drawing 
them downward over the lateral snrfaee of the ehest wall. 
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lymph 

nodes 

FIGURE 2.18 Lymph drainage of the skin of the thorax and 
abdomen. Note that levels of the umbilicus anteriorly and 
iliae erests posteriorly may be regarded as vvatersheds for 
lymph flow. 

The 12th rib ean be used to identiíy a particular rib by 
counting from below. However, in some individnals, the 
12th rib is very short and diffienlt to feel. For this reason, 
an alternative method may be used to identify ribs by first 
palpating the sternal angle and the seeond eostal eartilage. 

Diaphragm 

The eentral tendon of the diaphragm lies direetly behind 
the xiphisternal joint. In the midrespiratory position, the 
summit of the right dome of the diaphragm arehes upward 
as far as the upper border of the 5th rib in the midelavienlar 


line, but the left dome only reaehes as far as the lower 
border of the 5th rib. 

Nipple 

In the male, the nipple usually lies in the fourth 
intereostal spaee about 4 in. (10 em) from the mid- 
line. In the female, its position is not eonstant. 

Apex Beat of the Heart 

The apex of the heart is formed by the lower portion 
of the left ventriele. The apex beat is caused by the 
apex of the heart being thrust forward against the tho- 
raeie wall as the heart eontraets. (The heart is thrust 
forward with eaeh ventricular eontraetion beeanse of 
the ejeetion of blood from the left ventriele into the 
aorta; the foree of the blood in the aorta tends to cause 
the curved aorta to straighten slightly, thus pushing 
the heart forward.) The apex beat ean usually be felt 
by plaeing the fiat of the hand on the ehest wall over 
the heart. After the area of eardiae pnlsation has been 
determined, the apex beat is aeenrately loealized by 
plaeing two fingers over the intereostal spaees and 
moving them until the point of maximum pulsation 
is found. The apex beat is normally found in the fifth 
left intereostal spaee 3.5 in. (9 em) from the midline. 
Should you have difficulty in finding the apex beat, 
have the patient lean forward in the sitting position. 

In a female with pendulous breasts, the examin- 
ing fingers should gently raise the left breast from 
below as the intereostal spaees are palpated. 
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FIGURE 2.19 Anterior view of the thorax of a 27-year-old man. 
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FIGURE 2.20 A. Anterior vievv of the thorax and abdomen of a 29-year-old vvoman. B. Posterior vievv of the thorax of a 29-year- 
old vvoman. 
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Axillary Folds 

The anterior fold is formed by the lower border of the pee- 
toralis major muscle (see Figs. 2.19 and 2.20). This ean be 
made to stand out by asking the patient to press a hand 
hard against the hip. The posterior fold is formed by the 
tendon of the latissimns dorsi muscle as it passes around 
the lower border of the teres major muscle. 


Posterior Ghest Wall 

The spinons proeesses of the thoraeie vertebrae ean be 
palpated in the midline posteriorly (Fig. 2.22). The index 
finger should be plaeed on the skin in the midline on the 
posterior snrfaee of the neek and drawn downward in the 
nuchal groove. The first spinous proeess to be felt is that 
of the seventh eervieal vertebrae (vertebra prominens). 
Below this level are the overlapping spines of the thoraeie 
vertebrae. The spines of C1 to 6 vertebrae are eovered 
by a large ligament, the ligamentnm nuchae. It should 
be noted that the tip of a spinons proeess of a thoraeie 
vertebra lies posterior to the body of the next vertebra 
below. 

The seapnla (shonlder blade) is fiat and triangnlar in 
shape and is loeated on the upper part of the posterior 
surface of the thorax. The snperior angle lies opposite the 
spine of the seeond thoraeie vertebra (see Figs. 2.20 and 
2.22). The spine of tbe seapnla is subcutaneous, and the 
root of the spine lies on a level with the spine of the third 
thoraeie vertebra (see Figs. 2.21 and 2.22). The inferior 
angle lies on a level with the spine of the seventh thoraeie 
vertebra (see Figs. 2.20 and 2.22). 
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FIGURE2.21 Surface landmarks of anterior (A) and posterior 
(B) thoraeie vvalls. 



eiìnìeal Examinatìon of the Ghest 

As medieal personnel, you will be examining the ehestto deteet 
evidenee of disease. Your examination eonsists of inspeetion, 
palpation, percussion, and auscultation. 

inspeetion shows the configuration ofthe ehest, the range of 
respiratory movement, and any inequalities on the two sides. The 
type and rate of respiration are also noted. 

Palpation enables the physieian to eonfirm the impressions 
gained by inspeetion, espeeially of the respiratory movements of 
the ehest wall. Abnormal protuberances or reeession of part of 
the ehest wall is noted. Abnormal pulsations are felt and tender 
areas deteeted. 

Perenssion is a sharp tapping of the ehest wall with the 
fingers. This produces vibrations that extend through the tissues 
of the thorax. Air-eontaining organs such as the lungs produce a 
resonant note; eonversely, a more solid viscus such as the heart 
produces a dull note. With praetiee, it is possible to distinguish 
the lungs from the heart or liver by percussion. 

Ansenltation enables the physieian to listen to the breath 
sounds as the air enters and leaves the respiratory passages. 


Should the alveoli or bronehi be diseased and filled with fluid,the 
nature of the breath sounds will be altered. The rate and rhythm 
of the heart ean be eonfirmed by auscultation, and the various 
sounds produced by the heart and its valves during the different 
phases of the eardiae eyele ean be heard. It may be possible to 
deteet frietion sounds produced by the rubbing together of dis- 
eased layers of pleura or pericardium. 

To make these examinations, the physieian must be familiar 
with the normal structure of the thorax and must have a mental 
image of the normal position of the lungs and heart in relation to 
identifiable surface landmarks. Furthermore, it is essential that 
the physieian be able to relate any abnormal findings to easily 
identifiable bony landmarks so that he or she ean accurately 
reeord and communicate them to colleagues. 

Sinee the thoraeie wall aetively partieipates in the move- 
ments of respiration, many bony landmarks ehange their levels 
with eaeh phase of respiration. In praetiee, to simplify matters, 
the levels given are those usually found at about midway 
between full inspiration and full expiration. 
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Lines of Orientation 


Traehea 


Several imaginary lines are sometimes used to deseribe sur- 

faee loeations on the anterior and posterior ehest walls. 

■ Midsternal line: Lies in the median plane over the ster- 
num (see Fig. 2.21) 

■ Midelavienlar line: Runs vertieally downward from the 
midpoint of the elaviele (see Fig. 2.21) 

■ Anterior axillary line: Runs vertieally downward from 
the anterior axillary fold (see Fig. 2.21) 

■ Posterior axillary line: Runs vertieally downward from 
the posterior axillary fold 

■ Midaxillary line: Runs vertieally downward from a 
point situated midway between the anterior and poste- 
rior axillary folds 

■ Seapnlar line: Runs vertieally downward on the poste- 
rior wall of the thorax (see Fig. 2.22), passing throngh 
the inferior angle of the scapula (arms at the sides) 



e L 


N I e A L 


N 0 T E S 



Rib and Gostal Gartílage identífieatíon 

When one is examining the ehest from in front, the sternal 
angle is an important landmark. Its position ean easily be felt 
and often be seen by the presenee of a transverse ridge. The 
finger moved to the right or to the left passes direetly onto the 
seeond eostal eartilage and then the 2nd rib. All other ribs ean 
be eoonted from this point. The 12th rib ean usually be feltfrom 
behind, but in some obese persons this may prove difficult. 
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FIGIJRE 2.22 Surface landmarks of the posterior thoraeie 
wall. 


The traehea extends from the lower border of the erieoid 
eartilage (opposite the body of the 6th eervieal vertebra) 
in the neek to the level of the sternal angle in the thorax 
(Fig. 2.23). It eommenees in the midline and ends just to 
the right of the midline by dividing into the right and the 
left prineipal bronehi. At the root of the neek, it may be 
palpated in the midline in the snprasternal noteh. 

Lungs 

The apex of the lung projeets into the neek. It ean be 
mapped out on the anterior snrfaee of the body by 
drawing a curved line, convex upward, from the sternoela- 
vienlar joint to a point 1 in. (2.5 em) above the jnnetion 
of the medial and intermediate thirds of the elaviele (see 
Fig. 2.23). 

The anterior border of the right lung begins behind the 
sternoelavienlar joint and runs downward, almost reaeh- 
ing the midline behind the sternal angle. It then eontinnes 
downward until it reaehes the xiphisternal joint (see Fig. 
2.23). The anterior border of the left lung has a similar 
course, but at the level of the fourth eostal eartilage it devi- 
ates laterally and extends for a variable distanee beyond the 
lateral margin of the sternnm to form the eardiae noteh 
(see Fig. 2.23). This noteh is prodneed by the heart dis- 
plaeing the lung to the left. The anterior border then turns 
sharply downward to the level of the xiphisternal joint. 

The lower border of the lung in midinspiration follows 
a enrving line, which erosses the 6th rib in the midelavien- 
lar line and the 8th rib in the midaxillary line, and reaehes 
the lOth rib adjaeent to the vertebral column posteriorly 
(Figs. 2.23, 2.24, and 2.25). It is important to nnderstand 
that the level of the inferior border of the lung ehanges dur- 
ing inspiration and expiration. 

The posterior border of the lung extends downward 
from the spinons proeess of the 7th eervieal vertebra to 
the level of the lOth thoraeie vertebra and lies about 1.5 in. 
(4 em) from the midline (Fig. 2.24). 

The oblique fissure of the lung ean be indieated on the 
snrfaee by a line drawn from the root of the spine of the 


upper lobe 


sternal 


horizontal 
fissure 

middle ^ 
lobe ^ 


oblique 

fissure 



lower 


eardiae 

noteh 


lower 


lower border of pleura 


FIGURE2.23 Surface markings of the lungs and parietal 
pleura on the anterior thoraeie wall. 
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FIGURE2.24 Surface markings of the lungs and parietal 
pleura on the posterior thoraeie wall. 


scapula obliquely downward, laterally and anteriorly, fol- 
lowing the course of the 6th rib to the sixth eostoehondral 
jnnetion. In the left lung, the upper lobe lies above and 
anterior to this line; the lower lobe lies below and posterior 
to it (see Figs. 2.23 and 2.24). 

In the right lung is an additional fissnre, the horizontal 
fissnre, which may be represented by a line drawn horizon- 
tally along the fourth eostal eartilage to meet the oblique 
fissure in the midaxillary line (see Figs. 2.23 and 2.25). 
Above the horizontal fissnre lies the upper lobe and below 
it lies the middle lobe; below and posterior to the oblique 
fissure lies the lower lobe. 

Pleura 

The boundaries of the plenral sae ean be marked out as lines 
on the snrfaee of the body. The lines, which indieate the 
limits of the parietal pleura where it lies elose to the body 
surface, are referred to as the lines of plenral refleetion. 

The eervieal plenra bulges upward into the neek and 
has a snrfaee marking identieal to that of the apex of the 



FIGURE2.25 Surface markings of the lungs and parietal 
pleura on the lateral thoraeie walls. 


lung. A curved line may be drawn, convex upward, from 
the sternoclavicular joint to a point 1 in. (2.5 em) above 
the jnnetion of the medial and intermediate thirds of the 
elaviele (see Fig. 2.23). 

The anterior border of the right plenra runs down 
behind the sternoelavienlar joint, almost reaehing the mid- 
line behind the sternal angle. It then eontinnes downward 
until it reaehes the xiphisternal joint. The anterior border 
of the left plenra has a similar course, but at the level of the 
fourth eostal eartilage it deviates laterally and extends to 
the lateral margin of the sternnm to form the eardiae noteh. 
(Note that the plenral eardiae noteh is not as large as the 
eardiae noteh of the lung.) It then turns sharply downward 
to the xiphisternal joint (see Fig. 2.23). 

The lower border of the plenra on both sides follows a 
curved line, which erosses the 8th rib in the midelavienlar 
line and the lOth rib in the midaxillary line, and reaehes the 
12th rib adjaeent to the vertebral column—that is, at the 
lateral border of the ereetor spinae muscle (see Figs. 2.23, 
2.24, and 2.25). Note that the lower margins of the lungs 
eross the 6th, 8th, and lOth ribs at the midelavienlar lines, 
the midaxillary lines, and the sides of the vertebral column, 
respeetively; the lower margins of the pleura eross, at the 
same points, the 8th, lOth, and 12th ribs, respeetively. The 
distanee between the two borders eorresponds to the eosto- 
diaphragmatie reeess (see page 62). 


e L I N I e A L N 0 T E S 


^ J 

Pleural Refleetìons 

It is hardly neeessary to emphasizethe importanee of knovving 
the sorfaee markings of the pleoral refleetions and the lobes 
of the lungs. When listening to the breath sounds of the respi- 
ratory traet, it should be possible to have a mental image of 
the structures that lie beneath the stethoseope. 

The eervieal dome of the pleura and the apex of the lungs 
extend up into the neek so that at their highest point they lie 
about 1 in. (2.5 em) above the elaviele (see Figs. 2.6, 2.13, and 
2.23). Consequently, they are vulnerable to stab vvounds in the 
root of the neek or to damage by an anesthetist's needle vvhen 
a nerve bloek of the lovvertrunk of the braehial plexus is being 
performed. 

Remember also thatthe lovver limit of the plenral refleetion, 

as seen from the baek, may be damaged during a nephree- 
tomy. The pleura erosses the 12th rib and may be damaged 
during removal of the kidney through an ineision in the loin. 

V___y 

Heart 

For praetieal purposes, the heart may be eonsidered to have 
both an apex and four borders. 

The apex, formed by the left ventriele, eorresponds to 
the apex beat and is found in the fifth left intereostal spaee 
3.5 in. (9 em) from the midline (Fig. 2.26). 

The superior border, formed by the roots of the 
great blood vessels, extends from a point on the seeond left 
eostal eartilage (remember sternal angle) 0.5 in. (1.3 em) 
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FIGURE 2.26 Surface markings of the heart. 


The left border, formed by the left ventriele, extends 
from a point on the 2nd left eostal eartilage 0.5 in. (1.3 em) 
from the edge of the sternnm to the apex beat of the heart 
(see Fig. 2.26). 

The inferior border, formed by the right ventriele and 
the apieal part of the left ventriele, extends from the sixth 
right eostal eartilage 0.5 in. (1.3 em) from the sternnm to 
the apex beat (see Fig. 2.26). 



Posìtìon and Enlargement of the Heart 

The surface markings of the heart and the position of the apex 
beat may enable a physieian to determine vvhetherthe heart 
has shifted its position in relation to the ehest vvall or vvhether 
the heart is enlarged by disease. The apex beat ean often be 
seen and almost alvvays ean be felt. The position of the mar- 
gins of the heart ean be determined by percussion. 

V___ J 


from the edge of the sternnm to a point on the third right 
eostal eartilage 0.5 in. (1.3 em) from the edge of the ster- 
num (see Fig. 2.26). 

The right border, formed by the right atrium, extends 
from a point on the third right eostal eartilage 0.5 in. (1.3 
em) from the edge of the sternnm downward to a point on 
the 6th right eostal eartilage 0.5 in. (1.3 em) from the edge 
of the sternnm (see Fig. 2.26). 


Thoraeie Blood Vessels 

The areh of the aorta and the roots of the braehioeephalie 
and left eommon earotid arteries lie behind the manu- 
brium sterni (Fig. 2.2). 

The snperior vena eava and the terminal parts of the 
right and left braehioeephalie veins also lie behind the 
manubrium sterni. 



Y 0 L 0 G I e N 0 T E S 


Development of the Diaphragm 

The diaphragm is formed from the follovving structures: (a) the 
septnm transversnm, vvhieh forms the muscle and eentral ten- 
don; (b) the tvvo plenroperitoneal membranes, vvhieh are largely 
responsible forthe peripheral areas of the diaphragmatie pleura 
and peritoneum that eover its upper and lovver surfaces, respee- 
tively; and (e) the dorsal mesentery of the esophagus, in vvhieh 
the crura develop. 

The septum transversum is a mass of mesoderm that is 
formed in the neek by the fusion of the myotomes of the 3rd, 4th 
and 5th eervieal segments. With the deseent of the heart from 
the neek to the thorax, the septum is pushed caudally, pulling its 
nerve supply vvith it; thus, its motor nerve supply is derived from 
the 3rd, 4th and 5th eervieal nerves, vvhieh are eontained vvithin 
the phrenie nerve. 

The pleuroperitoneal membranes grovv medially from the 
body vvall on eaeh side until they fuse vvith the septum trans- 
versum anterior to the esophagus and vvith the dorsal mesen- 
tery posterior to the esophagus. During the proeess of fusion, 
the mesoderm of the septum transversum extends into the other 
parts, forming all the muscles of the diaphragm. 

The motor nerve supply to the entire muscle of the dia- 
phragm is the phrenie nerve. The eentral pleura on the upper 


surface of the diaphragm and the peritoneum on the lovver 
surface are also formed from the septum transversum, vvhieh 
explains their sensory innervation from the phrenie nerve. The 
sensory innervation of the peripheral parts of the pleura and 
peritoneum eovering the peripheral areas of the upper and 
lovver surfaces of the diaphragm is from the lovver six thoraeie 
nerves. This is understandable, sinee the peripheral pleura and 
peritoneum from the pleuroperitoneal membranes are derived 
from the body vvall. 


Diaphragmatie Herniae 

Gongenital herniae occur as the result of ineomplete fusion of 
the septum transversum, the dorsal mesentery, and the pleuro- 
peritoneal membranes from the body vvall. The herniae occur at 
the follovving sites: (a) the pleuroperitoneal eanal (more eommon 
on the left side; caused by failure of fusion of the septum trans- 
versum vvith the pleuroperitoneal membrane), (b) the opening 
betvveen the xiphoid and eostal origins of the diaphragm, and (e) 
the esophageal hiatus. 

Aegnired herniae may occur in middle-aged people vvith 
vveak musculature around the esophageal opening in the dia- 
phragm. These herniae may be either sliding or paraesophageal 
(Fig.2.17). 
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The internal thorade vessels run vertieally downward, 
posterior to the eostal eartilages, 0.5 in. (1.3 em) lateral to 
the edge of the sternum (see Figs. 2.9 and 2.10), as far as the 
sixth intereostal spaee. 

The intereostal vessels and nerve (“vein, artery, nerve”— 
VAN—is the order from above downward) are sitnated 
immediately below their eorresponding ribs (see Fig. 2.8). 

Mammary Gland 

The mammary gland is dinieally a very important struc- 
ture. Because it is elosely related to the peetoral muscles 
and its main lymph drainage is into the axillary lymph 
nodes, it will be fully deseribed with the IJpper Limb in 
ehapter 9. To snmmarize briefly, the mammary gland lies 
in the snperfleial faseia eovering the anterior ehest wall 
(Fig. 2.20). In the ehild and in men, it is rndimentary. In 
the female after pnberty, it enlarges and assnmes its hemi- 


spherieal shape. In the young adult female, it overlies the 
2nd to 6th ribs and their eostal eartilages and extends from 
the lateral margin of the sternnm to the midaxillary line. 
Its upper lateral edge extends around the lower border of 
the peetoralis major and enters the axilla. In middle-aged 
multiparous women, the breasts may be large and pen- 
dulous. In older women past menopanse, the adipose tis- 
sue of the breast may beeome reduced in amount and the 
hemispherieal shape lost; the breasts then beeome smaller, 
and the overlying skin is wrinkled. 


eiinieal Cases and Revievì/ Questions 
are available online at 

vvvvvv.thePoint.lvvvv.com/Snell9e. 











54-year-old vvoman eomplaining of a sudden excruciating knifelike pain in the front of the 
ehestvvas seen by a physieian. During the course of the examination, she said that she could 
also feel the pain in her baek betvveen the shoulder blades. On elose questioning, she said 
she felt no pain dovvn the arms or in the neek. Her blood pressure vvas 200/110 mm Hg in the right arm 
and 120/80 mm Hg in the left arm. 

The evaluation of ehest pain is one of the most eommon problems faeing an emergeney physieian. 
The cause ean vary from the simple to one of life-threatening proportions. The severe nature of the pain 
and its radiation through to the baek made a preliminary diagnosis of aortie disseetion a strong possibility. 
Myoeardial infaretion eommonly results in referred pain dovvn the inner side of the arm or up into the neek. 

Pain impulses originating in a diseased deseending thoraeie aorta pass to the eentral nervous sys- 
tem along sympathetie nerves and are then referred along the somatie spinal nerves to the skin of the 
anterior and posterior ehest vvalls. In this patient, the aortie disseetion had partially bloeked the origin 
of the left subclavian artery, vvhieh vvould explain the lovver blood pressure reeorded in the left arm. 
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GHAPTER OBJEGTIVES 


■ To understand the general arrangement of the thoraeie viseera 
and their relationship to one another and to the ehest wall. 

■ To be able to define what is meant by the term mediastinnm and 
to learn the arrangement of the pleura relative to the lungs. This 
information is fundamental to the eomprehension of the function 
and disease of the lungs. 

■ Appreeiating thatthe heart and the lungs are enveloped in 
serous membranes that provide a lubricating meehanism for 
these mobile viseera and being able to distinguish between 
such terms as thoraeie eavity, pleoral eavity (pleural spaee), 
perieardial eavity, and eostodiaphragmatie reeess. 

■ To learn the structure of the heart, including its conducting 
system and the arrangement of the different ehambers and 


valves, which is basie to understanding the physiologie and 
pathologie features of the heart. The eritieal nature of the 
blood supply to the heart and the end arteries and myoeardial 
infaretion is emphasized. 

■ To understand thatthe largest blood vessels in the body 
are loeated within the thoraeie eavity, namely, the aorta, the 
pulmonary arteries, the venae eavae, and the pulmonary veins. 
Trauma to the ehest wall ean result in disruption of these 
vessels, with consequent rapid hemorrhage and death. 
Because these vessels are hidden from view within the 
thorax, the diagnosis of major blood vessel injury is often 
delayed, with disastrous consequences to the 
patient. 


Basig Anatomy 


ehest Gavity 

The ehest eavity is bounded by the ehest wall and below by 
the diaphragm. It extends upward into the root of the neek 
about one fingerbreadth above the elaviele on eaeh side (see 
Fig. 3.5). The diaphragm, which is a very thin muscle, is the 
only structure (apart from the pleura and the peritonenm) 
that separates the ehest from the abdominal viseera. The 
ehest eavity ean be divided into a median partition, ealled 
the mediastinum, and the laterally plaeed plenrae and 
lungs (Figs. 3.1, 3.2, and 3.3). 



Mediastinum 

The mediastinnm, though thiek, is a movable partition that 
extends snperiorly to the thoraeie outlet and the root of the 
neek and inferiorly to the diaphragm. It extends anteriorly 
to the sternnm and posteriorly to the vertebral column. It 
eontains the remains of the thymus, the heart and large 
blood vessels, the traehea and esophagns, the thoraeie duct 
and lymph nodes, the vagus and phrenie nerves, and the 
sympathetie trunks. 

The mediastinnm is divided into superíor and inferior 
mediastina by an imaginary plane passing from the sternal 


angle anteriorly to the lower border of the body of the 4th 
thoraeie vertebra posteriorly (Fig. 3.2). The inferior medi- 
astinnm is fiirther snbdivided into the middle mediastinnm, 
which eonsists of the perieardinm and heart; the anterior 
mediastinnm, which is a spaee between the perieardinm 
and the sternnm; and the posterior mediastinnm, which lies 
between the perieardinm and the vertebral column. 

For pnrposes of orientation, it is eonvenient to remem- 
ber that the major mediastinal structures are arranged in 
the following order from anterior to posterior. 

Snperior Mediastinnm 

(a) Thymus, (b) large veins, (e) large arteries, (d) traehea, 
(e) esophagns and thoraeie duct, and (f) sympathetie trunks. 

The snperior mediastinnm is bonnded in front by the 
manubrium sterni and behind by the first four thoraeie 
vertebrae (see Fig. 3.2). 

Inferior Mediastinnm 

(a) Thymus, (b) heart within the perieardinm with the 
phrenie nerves on eaeh side, (e) esophagns and thoraeie 
duct, (d) deseending aorta, and (e) sympathetie trunks. 

The inferior mediastinnm is bonnded in front by the 
body of the sternnm and behind by the lower eight thoraeie 
vertebrae (see Fig. 3.2). 
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Defleetìon of Medìastìnnm 

In the eadaver, the mediastinum, as the result of the hardening 
effeet of the preserving fluids, is an inflexible, fixed structure. In 
the living, it is very mobile; the lungs, heart, and large arteries are 
in rhythmie pulsation, and the esophagus distends as eaeh bolus 
offood passesthrough it. 

If air enters the pleural eavity (a eondition ealled pnenmotho- 
rax), the lung on that side immediately eollapses and the medi- 
astinum is displaeed to the opposite side. This eondition reveals 
itself by the patient's being breathless and in a state of shoek; on 
examination, the traehea and the heart are found to be displaeed 
to the opposite side. 


Mediastìnìtìs 

The structures that make up the mediastinum are embedded in 
loose eonneetive tissue that is continuous with that of the root 
of the neek. Thus, it is possible for a deep infeetion of the neek 
to spread readily into the thorax, producing a mediastinitis. 
Penetrating wounds of the ehest involving the esophagus may 
produce a mediastinitis. In esophageal perforations, air eseapes 
into the eonneetive tissue spaees and aseends beneath the fas- 
eia to the root of the neek, producing subcutaneous emphysema. 


Medìastìnal Tumors or Gysts 

Because many vital structures are crowded together within 
the mediastinum, their functions ean be interfered with by an 
enlarging tumor or organ. A tumor of the left lung ean rap- 
idly spread to involve the mediastinal lymph nodes, which on 
enlargement may eompress the left recurrent laryngeal nerve, 
producing paralysis of the left voeal fold. An expanding eyst or 
tumor ean partially occlude the superior vena eava, causing 
severe eongestion of the veins of the upper part of the body. 
Other pressure effeets ean be seen on the sympathetie trunks, 
phrenie nerves, and sometimes the traehea, main bronehi, and 
esophagus. 

Mediastìnoseopy 

Mediastinoseopy is a diagnostie procedure whereby speei- 
mens of traeheobronehial lymph nodes are obtained without 
opening the pleural eavities. A small ineision is made in the 
midline in the neek just above the suprasternal noteh, and the 
superior mediastinum is explored down to the region of the 
bifurcation of the traehea. The procedure ean be used to deter- 
mine the diagnosis and degree of spread of eareinoma of the 
bronchus. 
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FIGURE 3.1 Gross seetion of the thorax at the level of the eighth thoraeie vertebra. Note the arrangennent of the pleura and 
pleural eavity [spaeé) and the fibrous and the serous perieardia. 
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FIGURE 3.2 Subdivisions of the mediastinum. 
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FIGURE 3.3 Pleurae from above and in front. Note the posi- 
tion of the mediastinum and the hilum of eaeh lung. 


Pleurae 

The pleurae and lungs lie on either side of the mediasti- 
num within the ehest eavity (Fig. 3.3). Before disenssing the 
plenrae, it might be helpfnl to look at the illnstrations of 
the development of the lungs in Figure 3.4. 

Eaeh pleura has two parts: a parietal layer, which lines 
the thoraeie wall, eovers the thoraeie snrfaee of the dia- 
phragm and the lateral aspeet of the mediastinnm and 
extends into the root of the neek to line the undersurface 
of the suprapleural membrane at the thoraeie outlet; and a 
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FIGURE3.4 Formation of the lungs. Note that eaeh lung bud 
invaginates the wall of the eoelomie eavity and then grows 
to fill a greater part of the eavity. Note also that the lung is 
eovered with viseeral pleura and the thoraeie wall is lined 
with parietal pleura.The original eoelomie eavity is reduced 
to a slitlike spaee ealled the pleural eavity as a result of the 
growth of the lung. 


viseeral layer, which eompletely eovers the outer surfaces 
of the lungs and extends into the depths of the interlobar 
fìssnres (Figs. 3.1, 3.3, 3.4, 3.5, and 3.6). 

The two layers beeome continuous with one another 
by means of a cuff of pleura that surrounds the structures 
entering and leaving the lung at the hilum of eaeh lung 
(Figs. 3.3, 3.4, and 3.5). To allow for movement of the pul- 
monary vessels and large bronehi during respiration, the 
plenral cuff hangs down as a loose fold ealled the pulmo- 
naryligament (Fig. 3.5). 

The parietal and viseeral layers of pleura are separated 
from one another by a slitlike spaee, the pleural eavity 
(Figs. 3.3 and 3.4). (Glinieians are inereasingly using the 
term pleural spaee instead of the anatomie term pleural 
eavity. This is probably to avoid the eonfnsion between the 
plenral eavity [slitlike] spaee and the larger ehest eavity.) 
The plenral eavity normally eontains a small amount of tis- 
sue fluid, the pleural fluid, which eovers the surfaces of the 
pleura as a thin film and permits the two layers to move on 
eaeh other with the minimnm of frietion. 

For pnrposes of deseription, it is enstomary to divide the 
parietal pleura aeeording to the region in which it lies or 
the snrfaee that it eovers. The eervieal pleura extends up 













































62 GHAPTER 3 The Thorax: Part II—The Thoraeie Gavity 



pylmonary ligament 


mediastinal pleura 
(parietal pleu 


pulmonary veins 


cuff of pleura 


left lung 


oblique fissure 


bronehi 


viseeral pleura 


eervieal pleura 
(parietal pleura) 


eostal pleura 
arietal pleura) 


diaphragmatie pleura 
(parietal pleura) 


FIGURE 3.5 Different areas of the parietal pleura. Note the cuff of pleura (dotted lines) that surrounds structures entering 
and leaving the hilunn of the left lung. It is here that the parietal and the viseeral layers of pleura beeome continuous. Arrovvs 
indieate the position of the eostodiaphragmatie reeess. 


into the neek, lining the nndersnrfaee of the snpraplenral 
membrane (see Fig. 2.13). It reaehes a level 1 to 1.5 in. (2.5 
to 4 em) above the medial third of the elaviele. 

The eostal pleura lines the inner snrfaees of the ribs, the 
eostal eartilages, the intereostal spaees, the sides of the ver- 
tebral bodies, and the baek of the sternnm (Fig. 3.3). 

The diaphragmatie pleura eovers the thoraeie snrfaee of 
the diaphragm (Figs. 3.3 and 3.5). In quiet respiration, the 
eostal and diaphragmatie pleurae are in apposition to eaeh 
other below the lower border of the lung. In deep inspi- 
ration, the margins of the base of the lung deseend, and 
the eostal and diaphragmatie plenrae separate. This lower 
area of the plenral eavity into which the lung expands on 
inspiration is referred to as the eostodiaphragmatie reeess 
(Figs. 3.4 and 3.5). 

The mediastinal pleura eovers and forms the lateral 
bonndary of the mediastinnm (see Figs. 3.3 and 3.5). At 
the hilum of the lung, it is refieeted as a cuff around the 
vessels and bronehi and here beeomes continuous with 
the viseeral pleura. It is thus seen that eaeh lung lies free 
except at its hilum, where it is attaehed to the blood ves- 
sels and bronehi that eonstitnte the lung root. During 
fnll inspiration, the lungs expand and fill the plenral eavi- 
ties. However, during quiet inspiration, the lungs do not 
fnlly occupy the pleural eavities at four sites: the right and 
left eostodiaphragmatie reeesses and the right and left 
eostomediastinal reeesses. 


The eostodiaphragmatie reeesses are slitlike spaees 
between the eostal and diaphragmatie parietal plenrae that 
are separated only by a eapillary layer of plenral fluid. Dur- 
ing inspiration, the lower margins of the lungs deseend into 
the reeesses. During expiration, the lower margins of the 
lungs aseend so that the eostal and diaphragmatie plenrae 
eome together again. 

The eostomediastinal reeesses are sitnated along the 
anterior margins of the pleura. They are slitlike spaees 
between the eostal and mediastinal parietal plenrae, which 
are separated by a eapillary layer of plenral fiuid. During 
inspiration and expiration, the anterior borders of the 
lungs slide in and out of the reeesses. 

The surface markings of the lungs and plenrae were 
deseribed on pages 54 and 55. 

Nerve Supply of the Pleura 

The parietal pleura (Fig. 3.7) is sensitive to pain, tempera- 
ture, touch, and pressnre and is snpplied as follows: 

■ The eostal pleura is segmentally snpplied by the inter- 
eostal nerves. 

■ The mediastinal pleura is supplied by the phrenie 
nerve. 

■ The diaphragmatie pleura is supplied over the domes by 
the phrenie nerve and around the periphery by the lower 
six intereostal nerves. 
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FIGLIRE 3.6 Gross seetion of the thorax. A: At the inlet, as seen from above. B: At the 4th thoraeie vertebra, as seen from 
belovv. 


The viseeral pleura eovering the lungs is sensitive to streteh 
but is insensitive to eommon sensations such as pain and 
touch. It reeeives an antonomie nerve supply from the pul- 
monary plexus (Fig. 3.7). 

Traehea 

The traehea is a mobile cartilaginous and membranons 
tube (Fig. 3.9). It begins in the neek as a eontinnation of 
the larynx at the lower border of the erieoid eartilage at the 
level of the 6th eervieal vertebra. It deseends in the mid- 
line of the neek. In the thorax, the traehea ends below at 
the earina by dividing into right and left prineipal (main) 
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FIGURE 3.7 Diagram shovving the innervation of the parietal 
and viseeral layers of pleura. 
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Pleural Fluid 

The pleural spaee normally eontains 5 to 10 mL of elear fluid, 
vvhieh lubricates the apposing surfaces of the viseeral and 
parietal pleurae during respiratory movements. The formation 
of the fluid results from hydrostatie and osmotie pressures. 
Sinee the hydrostatie pressures are greater in the eapillaries of 
the parietal pleura than in the eapillaries of the viseeral pleura 
(pulmonary circulation), the pleural fluid is normally absorbed 
into the eapillaries of the viseeral pleura. Any eondition that 
inereases the production of the fluid (e.g., inflammation, malig- 
naney, eongestive heart disease) or impairs the drainage of the 
fluid (e.g., eollapsed lung) results in the abnormal accumula- 
tion of fluid, ealled a pleural effusion. The presenee of 300 mL 
of fluid in the eostodiaphragmatie reeess in an adult is suffi- 
eientto enable its elinieal deteetion. The elinieal signs include 
deereased lung expansion on the side of the effusion, vvith 
deereased breath sounds and dullness on percussion overthe 
effusion (Fig. 3.8). 

Pleurísy 

Inflammation of the pleura (pleuritis or pleurisy), seeondary to 
inflammation of the lung (e.g., pneumonia), results in the pleural 
surfaces beeoming eoated vvith inflammatory exudate, causing 
the surfaces to be roughened. This roughening produces frie- 
tion, and a plenral rub ean be heard vvith the stethoseope on 
inspiration and expiration. Often, the exudate beeomes invaded 
by fibroblasts, vvhieh lay dovvn eollagen and bind the viseeral 
pleura to the parietal pleura, forming pleural adhesions. 

Pneumothorax, Empyema, and Pleural Effusion 

As the result of disease or injury (stab or gunshot vvounds), air 
ean enter the pleural eavity from the lungs or through the ehest 


vvall (pneumothorax). Inthe oldtreatmentoftuberculosis, airvvas 
purposely injeeted into the pleural eavity to eollapse and restthe 
lung. This vvas knovvn as artifieial pneumothorax. A spontane- 
ous pneumothorax is a eondition in vvhieh air enters the pleural 
eavity suddenly vvithout its cause being immediately apparent. 
After investigation, it is usually found that air has entered from a 
diseased lung and a bulla (bleb) has ruptured. 

Stab vvounds of the thoraeie vvall may pieree the parietal 
pleura so that the pleural eavity is open to the outside air. 
This eondition is ealled open pneumothorax. Eaeh time the 
patient inspires, it is possible to hear air under atmospherie 
pressure being sucked into the pleural eavity. Sometimes 
the elothing and the layers of the thoraeie vvall eombine to 
form a valve so that air enters on inspiration but eannot exit 
through the vvound. In these circumstances, the air pressure 
builds up on the vvounded side and pushes the mediastinum 
tovvard the opposite side. In this situation, a eollapsed lung is 
on the injured side and the opposite lung is eompressed by the 
defleeted mediastinum. This dangerous eondition is ealled a 
tension pneumothorax. 

Air in the pleural eavity assoeiated vvith serous fluid is knovvn 
as hydropneumothorax, assoeiated vvith pus as pyopneumo- 
thorax, and assoeiated vvith blood as hemopneumothorax. 
A eolleetion of pus (vvithout air) in the pleural eavity is ealled an 
empyema. The presenee of serous fluid in the pleural eavity is 
referred to as a pleural effusion (Fig. 3.9). Fluid (serous, blood, or 
pus) ean be drained from the pleural eavity through a vvide-bore 
needle, as deseribed on page 45. 

In hemopneumothorax, blood enters the pleural eavity. It ean 
be caused by stab or bulletvvoundsto the ehestvvall, resulting in 
bleeding from blood vessels in the chestvvall,from vessels in the 
ehest eavity, or from a laeerated lung. 


bronehi at the level of the sternal angle (opposite the dise 
between the 4th and 5th thoraeie vertebrae). Dnring expi- 
ration, the bifnreation rises by abont one vertebral level, 
and dnring deep inspiration may be lowered as far as the 
6th thoraeie vertebra. 

In adnlts, the traehea is abont 4 1/2 in. (11.25 em) long 
and 1 in. (2.5 em) in diameter (Fig. 3.9). The fibroelastie 
tube is kept patent by the presenee of U-shaped bars (rings) 
of hyaline eartilage embedded in its wall. The posterior free 
ends of the eartilage are eonneeted by smooth muscle, the 
traehealis muscle. 

The relations of the traehea in the neek are deseribed on 
page 651. 

The relations of the traehea in the snperior mediasti- 
num of the thorax are as follows: 

■ Anteriorly: The sternum, the thymus, the left braehio- 
eephalie vein, the origins of the braehioeephalie and 
left eommon earotid arteries, and the areh of the aorta 
(Figs. 3.6A, 3.9, and 3.30) 

■ Posteriorly: The esophagns and the left reenrrent laryn- 
geal nerve (Fig. 3.6A) 


■ Right side: The azygos vein, the right vagus nerve, and 
the pleura (Figs. 3.6, 3.15A, and 3.16) 

■ Left side: The areh of the aorta, the left eommon 
earotid and left snbelavian arteries, the left vagus and 
left phrenie nerves, and the pleura (Figs. 3.6, 3.15B, 
and 3.17) 

Blood Supply of the Traehea 

The upper two thirds are supplied by the inferior thyroid arter- 
ies and the lower third is snpplied by the bronehial arteries. 

Lymph Drainage of the Traehea 

The lymph drains into the pretraeheal and paratraeheal 
lymph nodes and the deep eervieal nodes. 

Nerve Supply of the Traehea 

The sensory nerve supply is from the vagi and the reenrrent 
laryngeal nerves. Sympathetie nerves supply the traehealis 
muscle. 
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pleural effusion 


FIGURE3.8 Case of right-sided pleural effusion.The 
mediastinum is displaeed to the left, the right lung is eom- 
pressed, and the bronehi are narrovved. Auscultation vvould 
reveal only faint breath sounds over the eompressed lung 
and absent breath sounds over fluid in the pleural eavity. 


The Bronehi 

The traehea bihireates behind the areh of the aorta into 
the right and left prineipal (primary or main) bronehi 
(Figs. 3.9, 3.18, and 3.19). The bronehi divide diehoto- 
monsly, giving rise to several million terminal bronehioles 
that terminate in one or more respiratory bronehioles. 
Eaeh respiratory bronehiole divides into 2 to 11 alveolar 
dnets that enter the alveolar saes. The alveoli arise from the 
walls of the saes as divertienla (see page 71). 
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Prineipal Bronehi 

The right prineipal (main) bronehns (Fig. 3.11) is wider, 
shorter, and more vertieal than the left (Figs. 3.9, 3.18, 
and 3.19) and is abont 1 in. (2.5 em) long. Before entering 
the hilnm of the right lung, the prineipal bronchus gives 
off the superior lobar bronchus. On entering the hilum, 
it divides into a middle and an inferior lobar bronehns. 

The left prineipal (main) bronehns is narrower, longer, 
and more horizontal than the right and is about 2 in. 
(5 em) long. It passes to the left below the areh of the aorta 
and in front of the esophagns. On entering the hilum of 
the left lung, the prineipal bronehns divides into a snperior 
and an inferior lobar bronehns. 


earina 


right prineipal bronchus 


lumen of right prineipal bronchus 



left prineipal bronchus 


FIGURE 3.9 Thoraeie part of the traehea. Note that the right 
prineipal bronchus is vvider and has a more direet continu- 
ation of the traehea than the left. Bifurcation of the traehea 
vievved from above is also shovvn. 
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eompressìon of the Traehea 

The traehea is a membranous tube kept patent under normal 
eonditions by Ll-shaped bars of eartilage. In the neek, a uni- 
lateral or bilateral enlargement of the thyroid gland ean cause 
gross displaeement or eompression of the traehea. A dilatation 


of the aortie areh (aneurysm) ean eompress the traehea. With 
eaeh eardiae systole,the pulsating aneurysm maytug atthetra- 
ehea and left bronchus, a elinieal sign that ean be felt by palpat- 
ing the traehea in the suprasternal noteh. 
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Traeheìtìs or Bronehìtìs 

The mucosa lining the traehea is innervated by the recurrent 
laryngeal nerve and, in the region of its bifurcation, by the pul- 
monary plexus. A traeheitis or bronehitis gives rise to a raw, 
burning sensation felt deep to the sternum instead of actual 
pain. Many thoraeie and abdominal viseera, when diseased, 
give rise to diseomfort that is felt in the midline (see page 224). 
It seems that organs possessing a sensory innervation that is 
not under normal eonditions direetly relayed to consciousness 
display this phenomenon. The afferent fibers from these organs 
traveling to the eentral nervous system aeeompany autonomic 
nerves. 


Inhaled Foreign Bodies 

Inhalation of foreign bodies into the lower respiratory traet is 
eommon, espeeially in ehildren. Pins, screws, nuts, bolts, pea- 
nuts, and parts of ehieken bones and toys have all found their 
way into the bronehi. Parts of teeth may be inhaled while a 


patient is under anesthesia during a difficult dental extraction. 
Because the right bronchus is the wider and more direet eon- 
tinuation of the traehea (Figs. 3.18 and 3.19), foreign bodies tend 
to enter the right instead of the left bronchus. From there, they 
usually pass into the middle or lower lobe bronehi. 

Bronehoseopy 

Bronehoseopy enables a physieian to examine the interior of the 
traehea; its bifurcation, ealled the earina; and the main bronehi 
(Figs. 3.12 and 3.13). With experience, it is possible to examine 
the interior of the lobar bronehi and the beginning of the first 
segmental bronehi. By means of this procedure, it is also pos- 
sible to obtain biopsy speeimens of mucous membrane and to 
remove inhaled foreign bodies (even an open safety pin). 

Lodgmentof aforeign body inthe larynxor edema ofthe mucous 
membrane of the larynx seeondary to infeetion ortrauma may require 
immediate relief to prevent asphyxiation. A method eommonly used 
to relieve eomplete obstruction istraeheostomy (see page 654). 
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FIGURE3.10 A. How the intereostal muscles raise the ribs during inspiration. Note that the sealeni muscles fix the Ist rib 
or, in foreed inspiration, raise the 1 st rib. B. How the intereostal muscles ean be used in foreed expiration, provided that the 
12th rib is fixed or is made to deseend by the abdominal muscles. C. How the liver provides the platform that enables the 
diaphragm to raise the lower ribs. 
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FIGLIRE 3.11 Relationship of the pulmonary arteries to the 
bronehial tree. 



FIGLIRE 3.12 The bifurcation of the traehea as seen through 
an operating bronehoseope. Note the ridge of the earina in 
the eenter and the opening into the right main bronchus on 
the right, vvhieh is a more direet continuation of the traehea. 
(Courtesy of E.D. Andersen.) 



FIGURE3.13 The interior of the left main bronchus as seen 
through an operating bronehoseope.The openings into the 
left upper lobe bronchus and its division and the left lovver 
lobe bronchus are indieated. (Courtesy of E.D. Andersen.) 



FIGURE 3.14 Position of the heart valves. R pulmonary 
valve; A, aortie valve; M, mitral valve;T, tricuspid valve. 
Arrovvs indieate position vvhere valves may be heard vvith 
least interferenee. 


Lungs 

During life, the right and left lungs are soft and spongy 
and very elastie. If the thoraeie eavity were opened, the 
lungs would immediately shrink to one third or less in 
volume. In the ehild, they are pink, but with age, they 
beeome dark and mottled beeanse of the inhalation of 
dust partieles that beeome trapped in the phagoeytes of 


the lung. This is espeeially well seen in eity dwellers and 
eoal miners. The lungs are sitnated so that one lies on 
eaeh side of the mediastinnm. They are therefore sepa- 
rated from eaeh other by the heart and great vessels and 
other structures in the mediastinnm. Eaeh lung is eoni- 
eal, eovered with viseeral pleura, and snspended free in 
its own plenral eavity, being attaehed to the mediastinnm 
only by its root (Fig. 3.4). 
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FIGURE3.15 A. Right side of the mediastinunn. B. Left side of the mediastinum. 
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FIGURE3.16 Disseetion of the right side of the mediastinunn; the right lung and the pericardium have been removed.The 
eostal parietal pleura has also been removed. 
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FIGURE3.17 Disseetion of the left side of the mediastinum; the left lung and the pericardium have been removed.The eostal 
parietal pleura has also been removed. 
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FIGURE3.18 Traehea, bronehi, bronehioles, alveolar ducts, alveolar saes, and alveoli. Note the path taken by inspired air from 
the traehea to the alveoli. 


Eaeh lung has a blunt apex, which projeets upward into 
the neek for about 1 in. (2.5 em) above the elaviele; a eon- 
eave base that sits on the diaphragm; a convex eostal sur- 
faee, which eorresponds to the eoneave ehest wall; and a 
eoneave mediastinal surface, which is molded to the peri- 
eardinm and other mediastinal structures (Figs. 3.20 and 
3.21). At about the middle of this surface is the hilum, a 
depression in which the bronehi, vessels, and nerves that 
form the root enter and leave the lung. 

The anterior border is thin and overlaps the heart; it is 
here on the left lung that the eardiae noteh is found. The 
posterior border is thiek and lies beside the vertebral column. 


Lobes and Fissnres 

Rìght Lung 

The right lung is slightly larger than the left and is divided 
by the oblique and horizontal fissnres into three lobes: the 
upper, middle, and lower lobes (Fig. 3.20). The oblique 
fissure runs from the inferior border upward and baek- 
ward aeross the medial and eostal snrfaees until it cuts the 
posterior border about 2.5 in. (6.25 em) below the apex. 
The horizontal fissnre runs horizontally aeross the eostal 
snrfaee at the level of the 4th eostal eartilage to meet the 
oblique fissure in the midaxillary line. The middle lobe is 
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FIGLIRE 3.19 A plastinized speeimen of an adult traehea, 
prineipal bronehi, and lung; some of the lung tissue has 
been disseeted to reveal the larger bronehi. Note that the 
hght main bronchus is vvider and a more direet continuation 
of the traehea than the left main bronchus. 
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FIGURE3.20 Lateral and medial surfaces of the right lung. 


thus a small triangular lobe bounded by the horizontal and 
oblique fissures. 

Left Lung 

The left lung is divided by a similar oblique fissure into two 
lobes: the upper and lower lobes (Fig. 3.21). There is no 
horizontal fissnre in the left lung. 



FIGURE3.21 Lateral and medial surfaces of the left lung. 


Bronchopulmonary Segments 

The bronehopnlmonary segments are the anatomie, func- 
tional, and snrgieal units of the lungs. Eaeh lobar (seeond- 
ary) bronehns, which passes to a lobe of the lung, gives off 
branehes ealled segmental (tertiary) bronehi (Fig. 3.18). 
Eaeh segmental bronehns passes to a structurally and 
ftmetionally independent unit of a lung lobe ealled a 
bronchopulmonary segment, which is surrounded by 
eonneetive tissue (Fig. 3.22). The segmental bronehns is 
aeeompanied by a braneh of the pnlmonary artery, but 
the tributaries of the pulmonary veins run in the eonnee- 
tive tissue between adjaeent bronehopnlmonary segments. 
Eaeh segment has its own lymphatie vessels and antonomie 
nerve supply. 

On entering a bronehopnlmonary segment, eaeh seg- 
mental bronehns divides repeatedly (Fig. 3.22). As thebron- 
ehi beeome smaller, the U-shaped bars of eartilage found 
in the traehea are gradnally replaeed by irregnlar plates of 
eartilage, which beeome smaller and fewer in number. The 
smallest bronehi divide and give rise to bronehioles, which 
are <1 mm in diameter (Fig. 3.22). Bronehioles possess no 
eartilage in their walls and are lined with eolnmnar eiliated 
epithelinm. The submucosa possesses a eomplete layer of 
circularly arranged smooth muscle fibers. 

The bronehioles then divide and give rise to terminal 
bronehioles (Fig. 3.22), which show delieate outpouch- 
ings from their walls. Gaseons exchange between blood and 
air takes plaee in the walls of these outpouchings, which 
explains the name respiratory bronehiole. The diameter of 
a respiratory bronehiole is about 0.5 mm. The respiratory 
bronehioles end by branehing into alveolar ducts, which 
lead into tubular passages with numerous thin-walled out- 
pouchings ealled alveolar saes. The alveolar saes eonsist 
of several alveoli opening into a single ehamber (Figs. 3.22 
and 3.23). Eaeh alveolns is surrounded by a rieh network 
of blood eapillaries. Gaseons exchange takes plaee between 
the air in the alveolar lumen throngh the alveolar wall into 
the blood within the surrounding eapillaries. 
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FIGURE3.22 A bronchopulmonary segment and a lung lobule. Note that the pulmonary veins lie vvithin the eonneetive tissue 
septa that separate adjaeent segments. 


The main eharaeteristies of a bronehopnlmonary 
segment may be snmmarized as follows: 

■ It is a snbdivision of a lung lobe. 

■ It is pyramid shaped, with its apex toward the lung 
root. 

■ It is surrounded by eonneetive tissue. 

■ It has a segmental bronchus, a segmental artery, lymph 
vessels, and autonomic nerves. 

■ The segmental vein lies in the eonneetive tissue between 
adjaeent bronchopulmonary segments. 

■ Because it is a structural unit, a diseased segment ean be 
removed snrgieally. 

The main bronchopulmonary segments (Figs. 3.24 and 
3.25) are as follows: 

■ Right lung 

Superior lobe: Apieal, posterior, anterior 
Middle lobe: Lateral, medial 


Inferior lobe: Superior (apieal), medial basal, anterior 
basal, lateral basal, posterior basal 

■ Left lung 

Snperior lobe: Apieal, posterior, anterior, superior lin- 
gular, inferior lingnlar 

Inferior lobe: Superior (apieal), medial basal, anterior 
basal, lateral basal, posterior basal 

Although the general arrangement of the bronchopulmo- 
nary segments is of elinieal importanee, it is unnecessary 
to memorize the details unless one intends to speeialize in 
pnlmonary medieine or surgery. 

The root of the lung is formed of structures that are 
entering or leaving the lung. It is made up of the bron- 
ehi, pulmonary artery and veins, lymph vessels, bronehial 
vessels, and nerves. The root is surrounded by a tubular 
sheath of pleura, which joins the mediastinal parietal 
pleura to the viseeral pleura eovering the lungs (Figs. 3.5, 
3.15,3.16, and3.17). 
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FIGURE3.23 Seanning eleetron mierograph of the lung 
shovving numerous alveolar saes.The alveoli are the depres- 
sions, or aleoves, along the vvalls of the alveolar sae. (Cour- 
tesy of Dr. M. Koering.) 


traehea 


upper lobe of 
right lung 


upper lobe 
of left lung 


oblique 

fissure 


horizontal 

fissure 

middle lobe 
of right lung 


lower lobe 
of right lung 



lower lobe 
of left lung 


eardiae 

noteh 

oblique 


fissure 


lower lobe 
of left lung 


A 



apieal 


anterior 


apieal 

^y/posterior 
anterior 


anterior 
basal 

lateral division 
of middle 

medial division 


of middle 



apieal lower 


superior division of lingular 
lateral basal 


inferior division of lingular 


B 


posterior 

basal 


anterior 

basal 


FIGURE3.25 Lungs vievved from the left. A. Lobes. B. Bron- 
chopulmonary segments. 


Blood Supply of the Lungs 

The bronehi, the eonneetive tissne of the lung, and the vis- 
eeral pleura reeeive their blood supply from the bronehial 
arteries, which are branehes of the deseending aorta. The 
bronehial veins (which eommnnieate with the pnlmonary 
veins) drain into the azygos and hemiazygos veins. 

The alveoli reeeive deoxygenated blood from the termi- 
nal branehes of the pnlmonary arteries. The oxygenated 
blood leaving the alveolar eapillaries drains into the tribu- 
taries of the pulmonary veins, which follow the interseg- 
mental eonneetive tissue septa to the lung root. Two 
pnlmonary veins leave eaeh lung root (Fig. 3.15) to empty 
into the left atrium of the heart. 
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FIGURE3.24 Lungs vievved from the right. A. Lobes. 
B. Bronchopulmonary segments. 


Lymph Drainage of the Lungs 

The lymph vessels originate in snperfieial and deep plex- 
uses (Fig. 3.26); they are not present in the alveolar walls. 
The superficial (subpleural) plexus lies beneath the vis- 
eeral pleura and drains over the snrfaee of the lung toward 
the hilum, where the lymph vessels enter the bronchopul- 
monary nodes. The deep plexus travels along the bronehi 
and pnlmonary vessels toward the hilum of the lung, pass- 
ing throngh pulmonary nodes loeated within the lung sub- 
stanee; the lymph then enters the bronehopnlmonary nodes 
in the hilum of the lung. All the lymph from the lung leaves 
the hilum and drains into the traeheobronehial nodes and 
then into the bronehomediastinal lymph trunks. 




















74 GHAPTER 3 The Thorax: Part II—The Thoraeie Gavity 


traeheobronehial nodes 


bronehomediastinal 


bronehopylmonary nodes 


left recurrent laryngeal nerve 


pylmonary nodes 



deep lymphatie plexus 


eeliae nodes 


FIGURE 3.26 Lymph drainage of the lung and lovver end of the esophagus 


Nerve Supply of the Lungs 

At the root of eaeh lung is a pulmonary plexus eomposed 
of efferent and afferent autonomic nerve fibers. The plexus 
is formed from branehes of the sympathetie trunk and 
reeeives parasympathetie fibers from the vagus nerve. 

The sympathetie efferent fibers prodnee bronehodilata- 
tion and vasoeonstrietion. The parasympathetie efferent 
fibers prodnee bronehoeonstrietion, vasodilatation, and 
inereased glandnlar seeretion. 


Afferent impnlses derived from the bronehial mucous 
membrane and from streteh reeeptors in the alveolar walls 
pass to the eentral nervons system in both sympathetie and 
parasympathetie nerves. 

The Meehanies of Respiration 

Respiration eonsists of two phases—inspiration and expi- 
ration—which are aeeomplished by the alternate inerease 
and deerease of the eapaeity of the thoraeie eavity. The rate 
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Development of the Lnngs and Plenra 

A longitudinal groove develops in the entodermal lining of the 
floor of the pharynx. This groove is knovvn as the laryngotra- 
eheal groove. The lining of the larynx, traehea, and bronehi 
and the epithelium of the alveoli develop from this groove. The 
margins of the groove fuse and form the laryngotraeheal tube 


(Fig. 3.27). The fusion proeess starts distally so that the lumen 
beeomes separated from the developing esophagus. Just behind 
the developing tongue, a small opening persiststhat will beeome 
the permanent opening into the larynx. The laryngotraeheal tube 
grows caudally into the splanehnie mesoderm and will eventually 
lie anterior to the esophagus. The tube divides distally into the 


(continuedj 
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right and left lung buds. Gartilage develops in the mesenehyme 
surrounding the tube, and the upper part of the tube beeomes 
the larynx, vvhereas the lovver part beeomes the traehea. 

Eaeh lung bud eonsists of an entodermal tube surrounded 
by splanehnie mesoderm; from this, all the tissues of the eorre- 
sponding lung are derived. Eaeh bud grovvs laterally and proj- 
eets into the pleural part of the embryonie eoelom (Fig. 3.27). The 
lung bud divides into three lobes and then into tvvo, eorrespond- 
ing to the number of main bronehi and lobes found in the fully 
developed lung. Eaeh main bronchus then divides repeatedly in 
a dichotomous manner, until eventually theterminal bronehioles 
and alveoli are formed. The division of the terminal bronehioles, 
vvith the formation of additional bronehioles and alveoli, eontin- 
ues for some time after birth. 

Eaeh lung vvill reeeive a eovering of viseeral plenra derived 
from the splanehnie mesoderm. The parietal plenra vvill be 
formed from somatie mesoderm. By the seventh month, the 
eapillary loops eonneeted vvith the pulmonary circulation have 
beeome sufficiently vvell developed to support life, should pre- 

V___ 


mature birth take plaee. With the onset of respiration at birth, the 
lungs expand and the alveoli beeome dilated. Hovvever, it is only 
after 3 or 4 days of postnatal life that the alveoli in the periphery 
of eaeh lung beeome fully expanded. 


Gongenital Anomalies 

Esophageal Atresia and Traeheoesophageal Fistola 

If the margins of the laryngotraeheal groove fail to fuse ade- 
quately, an abnormal opening may be left betvveen the laryn- 
gotraeheal tube and the esophagus. If the traeheoesophageal 
septum formed by the fusion of the margins of the laryngo- 
traeheal groove should be deviated posteriorly, the lumen of 
the esophagus vvould be much reduced in diameter. The dif- 
ferent types of atresia, vvith and vvithout fistula, are shovvn in 
Figure 3.28. Obstruction of the esophagus prevents the ehild from 
svvallovving saliva and milk, and this leads to aspiration into the 
larynx and traehea, vvhieh usually results in pneumonia. With 
early diagnosis, it is often possible to eorreetthis serious anom- 
aly surgically. 


brain 


mouth 


pharynx 


perieardial eavity 



copula 



pharynx 


laryngotraeheal tube 


esophagus 


laryngotraeheal tube 




FIGURE3.27 The development of the lungs. A.The laryngotraeheal groove and tube have been formed. B.The margins of 
the laryngotraeheal groove fuse to form the laryngotraeheal tube. G.The lung buds invaginate the wall of the intraembryonie 
eoelom. D.The lung buds divide to form the main bronehi. 
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FIGURE3.28 Different types of esophageal atresia and traeheoesophageal fistula. A. Gonnplete bloekage of the esophagus 
with a traeheoesophageal fistula. B. Similar to type A, but the two parts of the esophagus are joined together by fibrous tis- 
sue. e. Gomplete bloekage of the esophagus; the distal end is rudimentary. D. A traeheoesophageal fistula with narrowing of 
the esophagus. E. An esophagotraeheal fistula; the esophagus is not eonneeted with the distal end, which is rudimentary. 

F. Separate esophagotraeheal and traeheoesophageal fistulas. G. Narrowing of the esophagus without a fistula. In most 
eases, the lower esophageal segment communicates with the traehea, and types A and B occur more eommonly. 


varies between 16 and 20 per minnte in normal resting 
patients and is faster in ehildren and slower in the elderly. 

Inspiration 

Quiet Inspiration 

Gompare the thoraeie eavity to a box with a single entranee 
at the top, which is a tube ealled the traehea (Fig. 3.29). The 
eapaeity of the box ean be inereased by elongating all its 
diameters, and this results in air under atmospherie pres- 
sure entering the box throngh the tube. 

Gonsider now the three diameters of the thoraeie eavity 
and how they may be inereased (Fig. 3.29). 

Vertieal Diameter Theoretieally, the roof could be 
raised and the floor lowered. The roof is formed by the 
suprapleural membrane and is flxed. Gonversely, the floor 
is formed by the mobile diaphragm. When the diaphragm 
eontraets, the domes beeome flattened and the level of the 
diaphragm is lowered (Fig. 3.29). 

Anteroposterior Diameter If the downward-sloping 
ribs were raised at their sternal ends, the anteroposterior 
diameter of the thoraeie eavity would be inereased and 
the lower end of the sternnm would be thrust forward 
(Fig. 3.29). This ean be bronght about by flxing the Ist rib 
by the eontraetion of the sealeni mnseles of the neek and 


eontraeting the intereostal mnseles (Fig. 3.10). By this 
means, all the ribs are drawn together and raised toward 
the flrst rib. 

Transverse Diameter The ribs artienlate in front with 
the sternnm via their eostal eartilages and behind with the 
vertebral column. Beeanse the ribs curve downward as well 
as forward around the ehest wall, they resemble bucket han- 
dles (see Fig. 3.29). It therefore follows that if the ribs are 
raised (like bucket handles), the transverse diameter of the 
thoraeie eavity will be inereased. As deseribed previonsly, 
this ean be aeeomplished by flxing the Ist rib and raising 
the other ribs to it by eontraeting the intereostal mnseles 
(Fig. 3.10). 

An additional faetor that must not be overlooked is 
the effeet of the deseent of the diaphragm on the abdomi- 
nal viseera and the tone of the mnseles of the anterior 
abdominal wall. As the diaphragm deseends on inspiration, 
intra-abdominal pressnre rises. This rise in pressnre is 
aeeommodated by the reeiproeal relaxation of the abdomi- 
nal wall musculature. However, a point is reaehed when no 
fnrther abdominal relaxation is possible, and the liver and 
other upper abdominal viseera aet as a platform that resists 
fnrther diaphragmatie deseent. On fnrther eontraetion, 
the diaphragm will now have its eentral tendon snpported 
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FIGLIRE 3.29 The different ways in which the eapaeity of the 
thoraeie eavity is inereased during inspiration. 


from below, and its shortening mnsele fibers will assist the 
intereostal mnseles in raising the lower ribs (Fig. 3.10). 

Apart from the diaphragm and the intereostals, other 
less important mnseles also eontraet on inspiration and 
assist in elevating the ribs, namely, the levatores costarum 
muscles and the serratus posterior superior muscles. 

Foreed Inspiration 

In deep foreed inspiration, a maximum inerease in the 
eapaeity of the thoraeie eavity occurs. Every muscle that 
ean raise the ribs is bronght into aetion, inelnding the 
sealenns anterior and medius and the sternoeleidomas- 
toid. In respiratory distress, the aetion of all the mnseles 
already engaged beeomes more violent, and the seapnlae 
are fixed by the trapezins, levator seapnlae, and rhomboid 
mnseles, enabling the serratns anterior and the peetora- 
lis minor to pull up the ribs. If the upper limbs ean be 
snpported by grasping a ehair baek or table, the sternal 
origin of the peetoralis major mnseles ean also assist the 
proeess. 

Lung ehanges on Inspiration 

In inspiration, the root of the lung deseends and the level of 
the bifnreation of the traehea may be lowered by as much 
as two vertebrae. The bronehi elongate and dilate and the 
alveolar eapillaries dilate, thus assisting the pnlmonary 


eirenlation. Air is drawn into the bronehial tree as the result 
of the positive atmospherie pressure exerted through the 
upper part of the respiratory traet and the negative pres- 
sure on the outer surface of the lungs bronght about by the 
inereased eapaeity of the thoraeie eavity. With expansion of 
the lungs, the elastie tissue in the bronehial walls and eon- 
neetive tissue are stretehed. As the diaphragm deseends, the 
eostodiaphragmatie reeess of the plenral eavity opens, and 
the expanding sharp lower edges of the lungs deseend to a 
lower level. 

Expiration 

Quiet Expiration 

Quiet expiration is largely a passive phenomenon and is 
bronght about by the elastie reeoil of the lungs, the relaxa- 
tion of the intereostal mnseles and diaphragm, and an 
inerease in tone of the mnseles of the anterior abdominal 
wall, which forees the relaxing diaphragm upward. The ser- 
ratus posterior inferior muscles play a minor role in pull- 
ing down the lower ribs. 

Foreed Expiration 

Foreed expiration is an aetive proeess bronght about by 
the foreible eontraetion of the musculature of the ante- 
rior abdominal wall. The quadratus lumborum also eon- 
traets and pulls down the 12th rib. It is eoneeivable that 
under these eirenmstanees some of the intereostal mnseles 
may eontraet, pull the ribs together, and depress them to 
the lowered 12th rib (Fig. 3.10). The serratns posterior 
inferior and the latissimns dorsi mnseles may also play a 
minor role. 

Lung ehanges on Expiration 

In expiration, the roots of the lungs aseend along with 
the bifnreation of the traehea. The bronehi shorten and 
eontraet. The elastie tissue of the lungs reeoils, and the 
lungs beeome redneed in size. With the upward move- 
ment of the diaphragm, inereasing areas of the diaphrag- 
matie and eostal parietal pleura eome into apposition, 
and the eostodiaphragmatie reeess beeomes redneed in 
size. The lower margins of the lungs shrink and rise to 
a higher level. 

Types of Respiration 

In babies and young ehildren, the ribs are nearly horizon- 
tal. Thus, babies have to rely mainly on the deseent of the 
diaphragm to inerease their thoraeie eapaeity on inspira- 
tion. Beeanse this is aeeompanied by a marked inward and 
outward excursion of the anterior abdominal wall, which 
is easily seen, respiration at this age is referred to as the 
abdominal type of respiration. 

After the seeond year of life, the ribs beeome more 
oblique, and the adult form of respiration is established. 

In the adult, a sexual differenee exists in the type of res- 
piratory movements. The female tends to rely mainly on 
the movements of the ribs rather than on the deseent of 
the diaphragm on inspiration. This is referred to as the 
thoraeie type of respiration. The male uses both the tho- 
raeie and abdominal forms of respiration, but mainly the 
abdominal form. 
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Physieal Examínatíon of the Lnngs 

For physieal examination of the patient, it is helpfol to remember 
that the upper lobes of the lungs are most easily examined from 
the front of the ehest and the lovver lobes from the baek. In the 
axillae, areas of all lobes ean be examined. 


Tranma to the Lnngs 

A physieian must alvvays remember that the apex of the lung 
projeets up into the neek (1 in. [2.5 em] above the elaviele) and 
ean be damaged by stab or bullet vvounds in this area. 

Although the lungs are vvell proteeted by the bony thoraeie 
eage, a splinter from a fractured rib ean nevertheless penetrate 
the lung, and air ean eseape into the pleural eavity, causing a 
pneumothorax and eollapse ofthe lung. itean alsofind its vvay into 
the lung eonneetive tissue. From there, the air moves under the 
viseeral pleura until it reaehes the lung root. Itthen passes into the 
mediastinum and up to the neek. Flere, it may distend the subcu- 
taneoustissue, a eondition knovvn as subcutaneous emphysema. 

The ehanges inthe position of thethoraeie and upper abdom- 
inal viseera and the level of the diaphragm during different 
phases of respiration relative to the ehest vvall are of eonsider- 
able elinieal importanee. A penetrating vvound in the lovver part 
of the ehest may or may not damage abdominal viseera, depend- 
ing on the phase of respiration atthe time of injury. 


Pain and Lung Disease 

Lung tissue and the viseeral pleura are devoid of pain-sensitive 
nerve endings, so that pain in the ehest is alvvays the result of 
eonditions affeeting the surrounding structures. In tuberculosis 
or pneumonia, for example, pain may never be experienced. 

Onee lung disease erossesthe viseeral pleura andthe pleural 
eavity to involve the parietal pleura, pain beeomes a prominent 
feature. Lobar pneumonia vvith pleurisy, for example, produces a 
severe tearing pain, accentuated by inspiring deeply or cough- 
ing. Becausethe lovver partof the eostal parietal pleura reeeives 
its sensory innervation from the lovver five intereostal nerves, 
vvhieh also innervate the skin of the anterior abdominal vvall, 
pleurisy in this area eommonly produces pain that is referred to 
the abdomen. This has sometimes resulted in a mistaken diagno- 
sis of an acute abdominal lesion. 

In a similar manner, pleurisy of the eentral part of the dia- 
phragmatie pleura, vvhieh reeeives sensory innervation from the 
phrenie nerve (C3, 4, and 5), ean lead to referred pain over the 
shoulder because the skin of this region is supplied by the supra- 
clavicular nerves (C3 and 4). 


Surgical Aeeess to the Lungs 

Surgical aeeess to the lung or mediastinum is eommonly under- 
taken through an intereostal spaee (see page 46). Speeial rib 
retraetors that allovv the ribs to be vvidely separated are used. The 
eostal eartilages are sufficiently elastie to permit eonsiderable 
bending. Good exposure of the lungs is obtained by this method. 


Segmental Reseetíon of the Lung 

A loealized ehronie lesion such as that of tuberculosis or a 
benign neoplasm may require surgical removal. If it is restrieted 


to a bronchopulmonary segment, it is possible carefully to dis- 
seet out a particular segment and remove it, leaving the sur- 
rounding lung intaet. Segmental reseetion requires that the 
radiologist and thoraeie surgeon have a sound knovvledge of the 
bronchopulmonary segments and that they eooperate fully to 
loealize the lesion accurately before operation. 

Bronehogenìe Carcìnoma 

Bronehogenie eareinoma accountsforaboutonethird of all eaneer 
deaths in men and is beeoming inereasingly eommon in vvomen. It 
eommenees in most patients in the mucous membrane lining the 
larger bronehi and is therefore situated elose to the hilum of the 
lung. The neoplasm rapidly spreads to the traeheobronehial and 
bronehomediastinal nodes and may involve the recurrent laryngeal 
nerves, leading to hoarseness of the voiee. Lymphatie spread via 
the bronehomediastinal trunks may result in early involvement in 
the lovver deep eervieal nodes just above the level of the elaviele. 
Hematogenous spread to bones and the brain eommonly occurs. 

Gonditions That Deerease Respiratory Effieieney 

Gonstrietion of the Bronehi (Bronehial Asthma) 

One of the problems assoeiated vvith bronehial asthma is the 
spasm of the smooth muscle in the vvall of the bronehioles. This 
particularly reducesthe diameter ofthe bronehioles during expira- 
tion, usually causing the asthmatie patientto experience great dif- 
ficulty in expiring, although inspiration is aeeomplished normally. 
The lungs consequently beeome greatly distended and the tho- 
raeie eage beeomes permanently enlarged, forming the so-ealled 
harrel ehest. In addition,the airflovvthroughthe bronehioles isfur- 
ther impeded by the presenee of excess mucus, vvhieh the patient 
is unable to elear because an effeetive cough eannot be produced. 

Loss of Lung Elastieity 

Many diseases of the lungs, such as emphysema and pulmonary 
fihrosis, destroy the elastieity ofthe lungs, andthusthe lungs are 
unable to reeoil adequately, causing ineomplete expiration. The 
respiratory muscles in these patients have to assist in expiration, 
vvhieh no longer is a passive phenomenon. 

Loss of Lung Distensihility 

Diseases such as silieosis, ashestosis, eaneer, and pnenmonia 

interfere vvith the proeess of expanding the lung in inspiration. 
A deerease in the eomplianee of the lungs and the ehest vvall 
then occurs, and a greater effort has to be undertaken by the 
inspiratory muscles to inflate the lungs. 

Postural Drainage 

Excessive accumulation of bronehial seeretions in a lobe or seg- 
ment of a lung ean seriously interfere vvith the normal flovv of air 
into the alveoli. Furthermore, the stagnation of such seeretions 
is often quickly follovved by infeetion. To aid in the normal drain- 
age of a bronehial segment, a physiotherapist often alters the 
position of the patient so that gravity assists in the proeess of 
drainage. Sound knovvledge of the bronehial tree is neeessary to 
determine the optimum position of the patient for good postural 
drainage. 
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FIGURE3.30 The pericardium and the lungs exposed from 
in front. 
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FIGURE 3.31 Different layers of the pericardium. 


The viseeral layer is elosely applied to the heart and is 
often ealled the epicardium. The slitlike spaee between the 
parietal and viseeral layers is referred to as the perieardial 
eavity (Fig. 3.31). Normally, the eavity eontains a small 
amonnt of tissne flnid (abont 50 mL), the perieardial fluid, 
which aets as a inbrieant to faeilitate movements of the heart. 


Pericardium 

The perieardinm is a flbroserons sae that eneloses the 
heart and the roots of the great vessels. Its fnnetion is to 
restriet excessive movements of the heart as a whole and to 
serve as a inbrieated eontainer in which the different parts 
of the heart ean eontraet. The perieardinm lies within the 
middle mediastinnm (Figs. 3.2, 3.30, 3.31, and 3.32), pos- 
terior to the body of the sternnm and the 2nd to the 6th 
eostal eartilages and anterior to the 5th to the 8th thoraeie 
vertebrae. 

Fibrous Pericardium 

The flbrons perieardinm is the strong flbrons part of the 
sae. It is flrmly attaehed below to the eentral tendon of the 
diaphragm. It fnses with the onter eoats of the great blood 
vessels passing throngh it (Fig. 3.31)—namely, the aorta, 
the pnlmonary trnnk, the snperior and inferior venae 
eavae, and the pnlmonary veins (Fig. 3.32). The flbrons 
perieardinm is attaehed in front to the sternnm by the ster- 
noperieardial ligaments. 

Serous Perieardmm 

The serons perieardinm lines the flbrons perieardinm and 
eoats the heart. It is divided into parietal and viseeral layers 
(Fig. 3.31). 

The parietal layer lines the flbrons perieardinm and is 
refleeted aronnd the roots of the great vessels to beeome 
eontinnons with the viseeral layer of serons perieardinm 
that elosely eovers the heart (Fig. 3.32). 


Perieardial Sinuses 

On the posterior snrfaee of the heart, the refleetion of the 
serons perieardinm aronnd the large veins forms a reeess ealled 
the oblique sinus (Fig. 3.32). Also on the posterior snrfaee 
of the heart is the transverse sinus, which is a short passage 
that lies between the refleetion of serons perieardinm aronnd 
the aorta and pnlmonary trnnk and the refleetion aronnd the 
large veins (Fig. 3.32). The perieardial sinnses form as a eon- 
sequence of the way the heart bends during development (see 
page 91). They have no elinieal signifleanee. 

Nerve Supply of the Perieardmm 

The flbrons perieardinm and the parietal layer of the serous 
pericardium are supplied by the phrenie nerves. The vis- 
eeral layer of the serous pericardium is innervated by 
branehes of the sympathetie trunks and the vagus nerves. 

Heart 

The heart is a hollow muscular organ that is somewhat pyr- 
amid shaped and lies within the perieardinm in the medi- 
astinnm (Figs. 3.33 and 3.34). It is eonneeted at its base to 
the great blood vessels but otherwise lies free within the 
perieardinm. 

Smfaees of the Heart 

The heart has three snrfaees: sternoeostal (anterior), dia- 
phragmatie (inferior), and a base (posterior). It also has an 
apex, which is direeted downward, forward, and to the left. 
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FIGURE 3.32 The great blood vessels and the interior of the perieardiym. 



Periearditìs 

In inflammation of the serous pericardium, ealled periearditis, 
perieardial fluid may accumulate excessively, vvhieh ean eom- 
press the thin-walled atria and interfere with the filling of the 
heart during diastole. This eompression of the heart is ealled 

eardiae tamponade. 

Gardiae tamponade ean also occur seeondary to stab or gun- 
shot wounds when the ehambers of the heart have been pen- 
etrated. The blood eseapes into the perieardial eavity and ean 
restrietthe filling of the heart. 




Roughening of the viseeral and parietal layers of serous peri- 
cardium by inflammatory exudate in acute periearditis produces 
perieardial frietion rub, which ean be felt on palpation and heard 
through a stethoseope. 

Perieardial fluid ean be aspirated from the perieardial eavity 
should excessive amounts accumulate in periearditis. This pro- 
eess is ealled paraeentesis. The needle ean be introduced to the 
left of the xiphoid proeess in an upward and backward direetion 
at an angle of 45° to the skin. When paraeentesis is performed 
at this site, the pleura and lung are not damaged because of the 
presenee of the eardiae noteh in this area. 


The sternoeostal snrfaee is formed mainly by the 
right atrinm and the right ventriele, which are separated 
from eaeh other by the vertieal atrioventrienlar groove 
(Fig. 3.34). The right border is formed by the right atrinm; 
the left border, by the left ventriele and part of the left auri- 
ele. The right ventriele is separated from the left ventriele 
by the anterior interventricular groove. 

The diaphragmatie snrfaee of the heart is formed 
mainly by the right and left ventrieles separated by the pos- 
terior interventrienlar groove. The inferior snrfaee of the 


right atrium, into which the inferior vena eava opens, also 
forms part of this snrfaee. 

The base of the heart, or the posterior snrfaee, is formed 
mainly by the lefit atrium, into which open the four pulmonary 
veins (Fig. 3.35). The base of the heart lies opposite the apex. 

The apex of the heart, formed by the left ventriele, is 
direeted downward, forward, and to the left (Fig. 3.34). 
It lies at the level of the fifth left intereostal spaee, 3.5 in. 
(9 em) from the midline. In the region of the apex, the apex 
beat ean usually be seen and palpated in the living patient. 
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FIGURE3.33 The anterior surface of the heart; the fibrous pericardium and the parietal serous pericardium have been 
removed. Note the presenee of fat beneath the viseeral serous pericardium in the atrioventricular and interventricular 
grooves.The eoronary arteries are embedded in this fat. 



u u of aorta|0f| eommon earotid artery 

braehioeephalie \ ^ subclavian artery 


artery 
superior vena 


right pulmonary 


artery 


aseending 

aorta 


right auricle 


artery 


right 
atrium 


anterior eardiae 
vein 


pulmonary trunk 


groove 


left auricle 

left eoronary artery 
circumflex braneh 


great eardiae vein 


left ventriele 


anterior 

interventricular 

artery 


apex 


marginal right ventriele 
artery 


interventricular groove 


FIGURE3.34 The anterior surface of the heart and the great 
blood vessels. Note the course of the eoronary arteries and 
the eardiae veins. 
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FIGURE 3.35 The posterior surface, or the base, of the heart. 
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Note that the base of the heart is ealled the base because 
the heart is pyramid shaped; the base lies opposite the apex. 
The heart does not rest on its base; it rests on its diaphrag- 
matie (inferior) surface. 

Borders of the Heart 

The right border is formed by the right atrium; the left 
border, by the left auricle; and below, by the left ventriele 
(Fig. 3.34). The lower border is formed mainly by the right 
ventriele but also by the right atrium; the apex is formed by 
the left ventriele. These borders are important to reeognize 
when examining a radiograph of the heart. 

ehambers of the Heart 

The heart is divided by vertieal septa into four ehambers: 
the right and left atria and the right and left ventrieles. The 
right atrium lies anterior to the left atrium, and the right 
ventriele lies anterior to the left ventriele. 

The walls of the heart are eomposed of eardiae muscle, 
the myocardium; eovered externally with serous periear- 
dium, the epicardium; and lined internally with a layer of 
endothelinm, the endocardium. 

Right Atrium 

The right atrium eonsists of a main eavity and a small out- 
pouching, the anriele (Figs. 3.34 and 3.36). On the ontside 
of the heart at the jnnetion between the right atrium and 
the right anriele is a vertieal groove, the sulcus terminalis, 
which on the inside forms a ridge, the erista terminalis. 
The main part of the atrium that lies posterior to the ridge 
is smooth walled and is derived embryologieally from the 
sinus venosus. The part of the atrium in front of the ridge 


is ronghened or trabeenlated by bnndles of muscle fibers, 
the musculi peetinati, which run from the erista terminalis 
to the anriele. This anterior part is derived embryologieally 
from the primitive atrium. 

Openings into the Right Atriunn 

The snperior vena eava (Fig. 3.36) opens into the upper 
part of the right atrium; it has no valve. It retnrns the blood 
to the heart from the upper half of the body. The inferior 
vena eava (larger than the snperior vena eava) opens into 
the lower part of the right atrium; it is guarded by a rudi- 
mentary, nonftmetioning valve. It retnrns the blood to the 
heart from the lower half of the body. 

The eoronary sinus, which drains most of the blood 
from the heart wall (Fig. 3.36), opens into the right atrium 
between the inferior vena eava and the atrioventrienlar ori- 
fiee. It is gnarded by a rndimentary, nonfimetioning valve. 

The right atrioventricular orifiee lies anterior to the 
inferior vena eaval opening and is gnarded by the trienspid 
valve (Fig. 3.36). 

Many small orifiees of small veins also drain the wall of 
the heart and open direetly into the right atrium. 

Fetal Remnants 

In addition to the rndimentary valve of the inferior vena 
eava are the fossa ovalis and anulus ovalis. These latter 
structures lie on the atrial septum, which separates the 
right atrium from the left atrium (Fig. 3.36). The fossa ova- 
lis is a shallow depression, which is the site of the foramen 
ovale in the fetus (Fig. 3.37). The anulus ovalis forms the 
upper margin of the fossa. The fioor of the fossa represents 
the persistent septum primum of the heart of the embryo, 
and the anulus is formed from the lower edge of the septum 
secundum (Fig. 3.37). 
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FIGURE 3.36 I nterior of the right atrium and the right ventriele. Note the positions of the sinuatrial node and the atrioventricu 
lar node and bundle. 
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FIGURE3.37 A. Normal fetal heart. B. Atrial septal defeet. G.Tetralogy of Fallot. D: Patent ductus arteriosus (note the elose 
relationship to the left recurrent laryngeal nerve). E. Goaretation of the aorta. 


Right Ventriele 

The right ventriele eommnnieates with the right atrinm 
throngh the atrioventrienlar orifiee and with the pnlmo- 
nary trnnk throngh the pnlmonary orifiee (see Fig. 3.36). 
As the eavity approaehes the pnlmonary orifiee, it beeomes 
fimnel shaped, at which point it is referred to as the infun- 
dibulum. 

The walls of the right ventriele are much thieker than 
those of the right atrium and show several internal projeeting 
ridges formed of muscle bundles. The projeeting ridges give 
the ventrienlar wall a spongelike appearanee and are known 
as trabeculae earneae. The trabeenlae earneae are eomposed 
of three types. The first type eomprises the papillary mus- 
eles, which projeet inward, being attaehed by their bases to the 
ventrienlar wall; their apiees are eonneeted by fibrons ehords 
(the ehordae tendineae) to the cusps of the tricuspid valve 
(Fig. 3.36). The seeond type is attaehed at the ends to the ven- 
trienlar wall, being free in the middle. One of these, the mod- 
erator band, erosses the ventrienlar eavity from the septal to 
the anterior wall. It eonveys the right braneh of the atrioven- 
trienlar bundle, which is part of the eondneting system of the 
heart. The third type is simply eomposed of prominent ridges. 

The trienspid valve guards the atrioventricular orifiee 
(Figs. 3.36 and 3.38) and eonsists of three cusps formed by a 
fold of endocardium with some eonneetive tissue enelosed: 
anterior, septal, and inferior (posterior) cusps. The ante- 
rior cusp lies anteriorly, the septal cusp lies against the 
ventrienlar septum, and the inferior or posterior cusp lies 
inferiorly. The bases of the cusps are attaehed to the fibrous 
ring of the skeleton of the heart (see below), whereas their 
free edges and ventrienlar snrfaees are attaehed to the ehor- 
dae tendineae. The ehordae tendineae eonneet the cusps 
to the papillary mnseles. When the ventriele eontraets, 
the papillary mnseles eontraet and prevent the cusps from 
being foreed into the atrium and tnrning inside out as the 


intraventricular pressure rises. To assist in this proeess, the 
ehordae tendineae of one papillary muscle are eonneeted to 
the adjaeent parts of two cusps. 

The pnlmonary valve guards the pulmonary orifiee 
(Fig. 3.38A) and eonsists of three semilnnar cusps formed 
by folds of endocardium with some eonneetive tissue 
enelosed. The curved lower margins and sides of eaeh cusp 
are attaehed to the arterial wall. The open mouths of the 
cusps are direeted upward into the pnlmonary trunk. No 
ehordae or papillary mnseles are assoeiated with these valve 
cusps; the attaehments of the sides of the cusps to the arte- 
rial wall prevent the cusps from prolapsing into the ventri- 
ele. At the root of the pnlmonary trunk are three dilatations 
ealled the sinnses, and one is sitnated external to eaeh cusp 
(see aortie valve). 

The three semilunar cusps are arranged with one poste- 
rior (left cusp) and two anterior (anterior and right cusps). 
(The cusps of the pulmonary and aortie valves are named 
aeeording to their position in the fetus before the heart has 
rotated to the left. This, unfortunately, causes a great deal 
of unnecessary eonfnsion.) During ventrienlar systole, the 
cusps of the valve are pressed against the wall of the pulmo- 
nary trunk by the outrushing blood. During diastole, blood 
fiows baek toward the heart and enters the sinnses; the valve 
cusps fill, eome into apposition in the eenter of the lumen, 
and elose the pnlmonary orifiee. 

Left Atrium 

Similar to the right atrium, the left atrium eonsists of a 
main eavity and a left anriele. The left atrium is situated 
behind the right atrium and forms the greater part of the 
base or the posterior snrfaee of the heart (see Fig. 3.35). 
Behind it lies the oblique sinus of the serous pericardium, 
and the fibrons perieardinm separates it from the esopha- 
gus (Figs. 3.32 and 3.39). 
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FIGURE 3.38 A. Position of the tricuspid and pylmonary valves. B. Mitral cusps with valve open. C. Mitral cusps with valve 
elosed. D. Semilunar cusps of the aortie valve. E. Gross seetion of the ventrieles of the heart. F. Path taken by the blood 
through the heart. G. Path taken by the eardiae impulse from the sinuatrial node to the Purkinje network. H. Fibrous skeleton 
of the heart. 
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FIGURE 3.39 Gross seetion of the thorax at the eighth thoraeie vertebra, as seen from below. (Note that all computed tomog- 
raphy seans and magnetie resonanee imaging studies are viewed from below.) 
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The interior of the left atrium is smooth, but the left 
auricle possesses muscular ridges as in the right anriele. 

Openings into the Left Atriunn 

The four pulmonary veins, two from eaeh lung, open 
throngh the posterior wall (Fig. 3.35) and have no valves. 
The left atrioventrienlar orifiee is gnarded by the mitral 
valve. 

LeftVentriele 

The left ventriele eommnnieates with the left atrium 
through the atrioventricular orifiee and with the aorta 
throngh the aortie orifiee. The walls of the left ventriele 
(Fig. 3.38) are three times thieker than those of the right 
ventriele. (The left intraventrienlar blood pressnre is six 
times higher than that inside the right ventriele.) In eross 
seetion, the left ventriele is eirenlar; the right is ereseen- 
tie beeanse of the bnlging of the ventrienlar septum into 
the eavity of the right ventriele (Fig. 3.38). There are well- 
developed trabeenlae earneae, two large papillary mnseles, 
but no moderator band. The part of the ventriele below the 
aortie orifiee is ealled the aortie vestibule. 

The mitral valve guards the atrioventricular orifiee 
(Fig. 3.38). It eonsists of two cusps, one anterior and one 
posterior, which have a structure similar to that of the cusps 
of the tricuspid valve. The anterior cusp is the larger and 
intervenes between the atrioventrienlar and aortie orifiees. 
The attaehment of the ehordae tendineae to the cusps and 
the papillary mnseles is similar to that of the trienspid valve. 

The aortie valve guards the aortie orifiee and is preeisely 
similar in structure to the pulmonary valve (Fig. 3.38). One 
cusp is situated on the anterior wall (right cusp) and two 
are loeated on the posterior wall (left and posterior cusps). 
Behind eaeh cusp, the aortie wall bulges to form an aor- 
tie sinus. The anterior aortie sinus gives origin to the right 
eoronary artery, and the left posterior sinus gives origin to 
the left eoronary artery. 

Structure of the Heart 

The walls of the heart are eomposed of a thiek layer of ear- 
diae muscle, the myocardium, eovered externally by the 
epieardinm and lined internally by the endoeardinm. The 
atrial portion of the heart has relatively thin walls and is 
divided by the atrial (interatrial) septum into the right 
and left atria. The septum runs from the anterior wall of the 
heart backward and to the right. The ventrienlar portion of 
the heart has thiek walls and is divided by the ventricular 
(interventricular) septum into the right and left ventrieles. 
The septum is plaeed obliquely, with one snrfaee faeing for- 
ward and to the right and the other faeing backward and to 
the left. Its position is indieated on the snrfaee of the heart 
by the anterior and posterior interventrienlar grooves. The 
Iower part of the septum is thiek and formed of muscle. 
The smaller upper part of the septum is thin and membra- 
nous and attaehed to the fibrons skeleton. 

The so-ealled skeleton of the heart (Fig. 3.38) eon- 
sists of fibrons rings that surround the atrioventrienlar, 
pnlmonary, and aortie orifiees and are continuous with 
the membranous upper part of the ventricular septum. The 
fibrous rings around the atrioventrienlar orifiees separate 


the muscular walls of the atria from those of the ventrieles 
but provide attaehment for the muscle fibers. The fibrous 
rings snpport the bases of the valve cusps and prevent the 
valves from stretehing and beeoming ineompetent. The 
skeleton of the heart forms the basis of eleetrieal diseonti- 
nuity between the atria and the ventrieles. 

Conducting System of the Heart 

The normal heart eontraets rhythmieally at about 70 to 90 
beats per minute in the resting adult. The rhythmie eon- 
traetile proeess originates spontaneonsly in the eondneting 
system and the impnlse travels to different regions of the 
heart, so the atria eontraet first and together, to be followed 
later by the eontraetions of both ventrieles together. The 
slight delay in the passage of the impnlse from the atria to 
the ventrieles allows time for the atria to empty their blood 
into the ventrieles before the ventrieles eontraet. 

The eondneting system of the heart eonsists of speeial- 
ized eardiae muscle present in the sinuatrial node, the 
atrioventricular node, the atrioventrienlar bundle and 
its right and left terminal branehes, and the snbendoeardial 
plexus of Pnrkinje fibers (speeialized eardiae muscle fibers 
that form the conducting system of the heart). 

Sinuatrial Node 

The sinnatrial node is loeated in the wall of the right atrium 
in the upper part of the sulcus terminalis just to the right of 
the opening of the snperior vena eava (Figs. 3.36 and 3.40). 
The node spontaneonsly gives origin to rhythmie eleetrieal 
impnlses that spread in all direetions throngh the eardiae 
muscle of the atria and cause the muscle to eontraet. 

Atrioventricular Node 

The atrioventrienlar node is strategieally plaeed on the 
lower part of the atrial septum just above the attaehment of 
the septal cusp of the tricuspid valve (Figs. 3.37 and 3.38). 
From it, the eardiae impnlse is eondneted to the ventrieles 
by the atrioventrienlar bundle. The atrioventrienlar node is 
stimnlated by the excitation wave as it passes throngh the 
atrial myoeardinm. 

The speed of eondnetion of the eardiae impnlse throngh 
the atrioventrienlar node (about 0.11 seeonds) allows suf- 
fieient time for the atria to empty their blood into the ven- 
trieles before the ventrieles start to eontraet. 

Atrioventricular Bundle 

The atrioventrienlar bundle (bundle of His) is the only 
pathway of eardiae muscle that eonneets the myoeardinm 
of the atria and the myoeardinm of the ventrieles and is 
thus the only route along which the eardiae impnlse ean 
travel from the atria to the ventrieles (Fig. 3.40). The bun- 
dle deseends throngh the fibrons skeleton of the heart. 

The atrioventrienlar bundle then deseends behind the 
septal cusp of the tricuspid valve to reaeh the inferior 
border of the membranons part of the ventrienlar sep- 
tum. At the upper border of the muscular part of the sep- 
tum, it divides into two branehes, one for eaeh ventriele. 
The right bundle braneh (RBB) passes down on the right 
side of the ventrienlar septum to reaeh the moderator 
band, where it erosses to the anterior wall of the right 
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plexus 

FIGURE3.40 The conducting system of the heart. Note the 
internodal pathvvays. 


ventriele. Here, it beeomes eontinnons with the fibers of 
the Pnrkinje plexus (Fig. 3.40). 

The left bundle braneh (LBB) pierees the septum and 
passes down on its left side beneath the endoeardinm. It 
usually divides into two branehes (anterior and posterior), 
which eventnally beeome continuous with the fibers of the 
Purkinje plexus of the left ventriele. 

It is thus seen that the eondneting system of the heart 
is responsible not only for generating rhythmie eardiae 
impnlses, but also for conducting these impnlses rapidly 
throughout the myocardium of the heart so that the different 
ehambers eontraet in a eoordinated and effieient manner. 

The aetivities of the eondneting system ean be infiu- 
eneed by the antonomie nerve supply to the heart. The 
parasympathetie nerves slow the rhythm and diminish the 
rate of eondnetion of the impnlse; the sympathetie nerves 
have the opposite effeet. 

Internodal Conduction Paths'' 

Impnlses from the sinnatrial node have been shown to 
travel to the atrioventrienlar node more rapidly than they 
ean travel by passing along the ordinary myoeardinm. This 
phenomenon has been explained by the deseription of 
speeial pathways in the atrial wall (Fig. 3.40), which have 
a structure eonsisting of a mixture of Purkinje fibers and 
ordinary eardiae muscle eells. The anterior internodal 
pathway leaves the anterior end of the sinnatrial node 
and passes anterior to the snperior vena eaval opening. It 
deseends on the atrial septum and ends in the atrioven- 
trienlar node. The middle internodal pathway leaves the 
posterior end of the sinnatrial node and passes posterior to 
the snperior vena eaval opening. It deseends on the atrial 


"^The occurrence of speeialized internodal pathways has been dismissed by 
some researehers, who elaim that it is the paekaging and arrangement of 
ordinary atrial myoeardial fibers that are responsible for the more rapid 
conduction. 
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Faìlure of the Conductìon System of the Heart 

The sinuatrial node is the spontaneous source of the eardiae 
impulse. The atrioventricular node is responsible for pieking 
up the eardiae impulse from the atria. The atrioventricular 
bundle is the only route by vvhieh the eardiae impulse ean 
spread from the atria to the ventrieles. Failure of the bundle to 
conductthe normal impulses results in alteration in the rhyth- 
mie eontraetion of the ventrieles (arrhythmias) or, if eomplete 
bundle bloek occurs, eomplete dissoeiation betvveen the atria 
and ventricular rates of eontraetion. The eommon cause of 
defeetive conduction through the bundle or its branehes is 
atheroselerosis of the eoronary arteries, vvhieh results in a 
diminished blood supplyto the conducting system. 

eommotìo Gordis 

This eondition results in ventricular fibrillation and sudden 
death and is caused by a blunt nonpenetrating blow to the 
anterior ehest wall over the heart. It occurs most eommonly 
in the young and adoleseents and is often sports-related. The 
sudden blow is frequently produced by a baseball, baseball 
bat, laerosse ball, or fist or elbow. The eommon ineidenee in 
the young is most likely due to the eompliant ehest wall due 
to the flexible ribs and eostal eartilages and the thin undevel- 
oped ehest muscles. Apparently, timing of the blow relative 
to the eardiae eyele is eritieal; ventricular fibrillation is most 
likely to occur if the blow occurs during the upstroke of the T 
wave ofthe eleetrieal aetivity of the eardiae muscle. 


septum to the atrioventricular node. The posterior inter- 
nodal pathway leaves the posterior part of the sinnatrial 
node and deseends throngh the erista terminalis and the 
valve of the inferior vena eava to the atrioventrienlar node. 


The Arterial Supply of the Heart 

The arterial supply of the heart is provided by the right and 
left eoronary arteries, which arise from the aseending aorta 
immediately above the aortie valve (Fig. 3.41). The eoronary 
arteries and their major branehes are distribnted over the sur- 
faee of the heart, lying within snbepieardial eonneetive tissue. 

The right eoronary artery arises from the anterior aortie 
sinus of the aseending aorta and runs forward between the 
pnlmonary trunk and the right anriele (Fig. 3.34). It deseends 
almost vertieally in the right atrioventrienlar groove, and at 
the inferior border of the heart it eontinnes posteriorly along 
the atrioventrienlar groove to anastomose with the left eoro- 
nary artery in the posterior interventrienlar groove. The fol- 
lowing branehes from the right eoronary artery supply the 
right atrium and right ventriele and parts of the left atrium 
and left ventriele and the atrioventrienlar septum. 

Branehes 

1 . The right conus artery supplies the anterior snrfaee ofthe 
pnlmonary conus (infundibulum of the right ventriele) 
and the upper part of the anterior wall of the right 
ventriele. 
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FIGURE 3.41 Goronary arteries and veins. 


2. The anterior ventrienlar branehes are two or three in 
nnmber and snpply the anterior snrfaee of the right ven- 
triele. The marginal braneh is the largest and runs along 
the lower margin of the eostal surface to reaeh the apex. 

3. The posterior ventrienlar branehes are usually two in 
number and supply the diaphragmatie surface of the 
right ventriele. 

4. The posterior interventrienlar (deseending) artery 

runs toward the apex in the posterior interventrienlar 
groove. It gives off branehes to the right and left ventri- 
eles, inelnding its inferior wall. It snpplies branehes to 
the posterior part of the ventrienlar septum but not to 
the apieal part, which reeeives its supply from the ante- 
rior interventrienlar braneh of the left eoronary artery. 
A large septal braneh snpplies the atrioventrienlar node. 
In 10% of individnals, the posterior interventrienlar artery 
is replaeed by a braneh from the left eoronary artery. 

5. The atrial branehes supply the anterior and lateral sur- 
faees of the right atrium. One braneh snpplies the pos- 
terior snrfaee of both the right and left atria. The artery 
of the sinnatrial node snpplies the node and the right 
and left atria; in 35% of individnals it arises from the left 
eoronary artery. 

The left eoronary artery, which is usually larger than the 
right eoronary artery, snpplies the major part of the heart, 
inelnding the greater part of the left atrium, left ventriele, 
and ventrienlar septum. It arises from the left posterior aor- 
tie sinus of the aseending aorta and passes forward between 
the pnlmonary trunk and the left anriele (Fig. 3.34). It then 
enters the atrioventrienlar groove and divides into an ante- 
rior interventrienlar braneh and a circumf[ex braneh. 

Branehes 

1. The anterior interventrienlar (deseending) braneh 

runs downward in the anterior interventrienlar groove 
to the apex of the heart (Fig. 3.41). In most individnals, 
it then passes around the apex of the heart to enter the 
posterior interventrienlar groove and anastomoses with 
the terminal branehes of the right eoronary artery. In 
one third of individnals, it ends at the apex of the heart. 
The anterior interventrienlar braneh snpplies the right 


and left ventrieles with numerous branehes that also 
supply the anterior part of the ventrienlar septum. One 
of these ventrienlar branehes (left diagonal artery) may 
arise direetly from the trunk of the left eoronary artery. 
A small left eonns artery snpplies the pnlmonary conus. 
2. The circumflex artery is the same size as the anteriorin- 
terventrienlar artery (Fig. 3.41). It winds around the left 
margin of the heart in the atrioventrienlar groove. A left 
marginal artery is a large braneh that snpplies the left 
margin of the left ventriele down to the apex. Anterior 
ventricular and posterior ventricular branehes supply 
the left ventriele. Atrial branehes supply the left atrium. 

Variations in the Goronary Arteries 

Variations in the blood supply to the heart do occur, and 
the most eommon variations affeet the blood supply to 
the diaphragmatie surface of both ventrieles. Here the ori- 
gin, size, and distribntion of the posterior interventrienlar 
artery are variable (Fig. 3.42). In right dominanee, the pos- 
terior interventrienlar artery is a large braneh of the right 
eoronary artery. Right dominanee is present in most indi- 
vidnals (90%). In left dominanee, the posterior interven- 
trienlar artery is a braneh of the circumf[ex braneh of the 
left eoronary artery (10%). 

Goronary Artery Anastomoses 

Anastomoses between the terminal branehes of the right 
and left eoronary arteries (eollateral eirenlation) exist, but 
they are usually not large enough to provide an adequate 
blood supply to the eardiae muscle should one of the large 
branehes beeome bloeked by disease. A sudden bloek of 
one of the larger branehes of either eoronary artery usu- 
ally leads to myoeardial death (myoeardial infaretion), 
althongh sometimes the eollateral eirenlation is enough to 
sustain the muscle. 

Snmmary of the Overall Arterial Supply to the 
Heart in Most lndividuals 

The right eoronary artery supplies all of the right ventriele 
(except for the small area to the right of the anterior inter- 
ventrienlar groove), the variable part of the diaphragmatie 
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FIGURE 3.42 A. Posterior view of the heart showing the origin and distribution of the posterior interventricular artery in the 
right dominanee. B. Posterior view of the heart showing the origin and distribution of the posterior interventricular artery in 
the left dominanee. C. Anterior view of the heart showing the relationship of the blood supply to the conducting system. 


surface of the left ventriele, the posteroinferior third of the 
ventricular septum, the right atrium and part of the left 
atrium, and the sinnatrial node and the atrioventrienlar 
node and bundle. The LBB also reeeives small branehes. 

The left eoronary artery snpplies most of the left ven- 
triele, a small area of the right ventriele to the right of the 
interventrienlar groove, the anterior two thirds of the ven- 
trienlar septum, most of the left atrium, the RBB, and the 
LBB. 


Arterial Supply to the Conducting System 

The sinnatrial node is usually supplied by the right but 
sometimes by the left eoronary artery. The atrioventrien- 
lar node and the atrioventrienlar bundle are snpplied by 
the right eoronary artery. The RBB of the atrioventrie- 
ular bundle is snpplied by the left eoronary artery; the 
LBB is snpplied by the right and left eoronary arteries 
(Fig. 3.42). 



Goronary Artery Disease 

The myocardium reeeives its blood supply through the right 
and left eoronary arteries. Although the eoronary arteries have 
numerous anastomoses at the arteriolar level, they are essen- 
tially fnnetional end arteries. A sudden bloek of one of the large 


branehes of either eoronary artery will usually lead to neerosis 
of the eardiae muscle (myoeardial infaretion) in that vascular 
area, and often the patient dies. Most eases of eoronary artery 
bloekage are caused by an acute thrombosis on top of a ehronie 
atheroselerotie narrowing of the lumen. 


(continuedl 
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Arterioselerotie disease of the eoronary arteries may pres- 
ent in three ways, depending on the rate of narrowing of the 
lumina of the arteries: (1) General degeneration and fibrosis of 
the myocardium occur over many years and are caused by a 
gradual narrowing of the eoronary arteries. (2) Angina peeto- 
ris is eardiae pain that occurs on exertion and is relieved by 
rest. In this eondition, the eoronary arteries are so narrowed 
that myoeardial isehemia occurs on exertion but not at rest. (3) 
Myoeardial infaretion occurs when eoronary flow ís suddenly 
reduced or stopped and the eardiae muscle undergoes neero- 
sis. Myoeardial infaretion is the major cause of death in indus- 
trialized nations. 


Table 3.1 shows the different eoronary arteries that supply 
the different areas of the myocardium. This information ean 
be helpful when attempting to eorrelate the site of myoeardial 
infaretion, the artery involved, and the eleetroeardiographie 
signature. 

Because eoronary bypass surgery, eoronary angioplasty, and 
eoronary artery stenting are now eommonly aeeepted methods 
of treating eoronary artery disease, it is incumbent on the student 
to be prepared to interpret still- and motion-picture angiograms 
that have been earried out before treatment. For this reason, a 
working knowledge of the origin, course, and distribution of the 
eoronary arteries should be memorized. 


Venous Drainage of the Heart 

Most blood from the heart wall drains into the right atrinm 
throngh the eoronary sinns (Fig. 3.41), which lies in the 
posterior part of the atrioventrienlar groove and is a eon- 
tinnation of the great eardiae vein. It opens into the right 
atrinm to the left of the inferior vena eava. The small and 
middle eardiae veins are tribntaries of the eoronary sinns. 
The remainder of the blood is retnrned to the right atrinm 
by the anterior eardiae vein (Fig. 3.41) and by small veins 
that open direetly into the heart ehambers. 

Nerve Snpply of the Heart 

The heart is innervated by sympathetie and parasympa- 
thetie fìbers of the antonomie nervons system via the ear- 
diae plexuses sitnated below the areh of the aorta. The 
sympathetie snpply arises from the eervieal and npper tho- 
raeie portions of the sympathetie trnnks, and the parasym- 
pathetie snpply eomes from the vagns nerves. 


The postganglionie sympathetie fìbers terminate on the 
sinnatrial and atrioventrienlar nodes, on eardiae mnsele 
fibers, and on the eoronary arteries. Aetivation of these 
nerves resnlts in eardiae aeeeleration, inereased foree of 
eontraetion of the eardiae mnsele, and dilatation of the 
eoronary arteries. 

The postganglionie parasympathetie fibers terminate 
on the sinnatrial and atrioventrienlar nodes and on the 
eoronary arteries. Aetivation of the parasympathetie 
nerves resnlts in a rednetion in the rate and foree of eon- 
traetion of the heart and a eonstrietion of the eoronary 
arteries. 

Afferent fibers rnnning with the sympathetie nerves 
earry nervons impnlses that normally do not reaeh eon- 
seionsness. However, shonld the blood snpply to the 
myoeardinm beeome impaired, pain impnlses reaeh 
eonseionsness via this pathway. Afferent fibers run- 
ning with the vagus nerves take part in eardiovasenlar 
reflexes. 


TABLE 3.1 1 

Goronary Artery Lesions, infaret Loeation, and ECG Signatnre 


Goronary Artery 

infaret Loeation ECG Signatnre 

1 

1 

1 


Proximal LAD 
More distal LAD 

Distal LAD 

Early obtuse, marginal 

More distal marginal braneh, circumflex 

Circumflex 

Distal RCA 

Proximal RCA 

RCA 


Large anterior wall 
Anteroapieal 

lnferiorwall if wraparound LAD 

Anteroseptal 

High lateral wall 

Small lateral wall 

Posterolateral 

Small inferior wall 

Large inferiorwall and posterior wall 
Some lateral wall 

Right ventricular 
Usually inferior 


ST elevation: I, L, V1-V6 
ST elevation: V2-V4 


ST elevation: II, III, F 

ST elevation: V1-V3 

ST elevation: I, L, V4-V6 

ST elevation: I, L, or V4-V6, or no abnormality 

ST elevation: V4-V6; ST depression: V1-V2 

ST elevation: II, III, F; ST depression: I, L 


ST elevation: II, III, F; ST depression: I, L, V1-V3 
ST elevation: V5-V6 

ST elevation: V2R-V4R; some ST elevation: VI; 
or ST depression V2, V3 


ST elevation: II, III, F 


ECG, eleetroeardiographie; LAD, left anterior deseending (interventrieolar); RCA, right eoronary artery. 
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Gardiae Paín 

Pain originating in the heart as the result of acute myoeardial 
isehemia is assumed to be caused by oxygen defieieney and the 
accumulation of metabolites, vvhieh stimulate the sensory nerve 
endings in the myocardium. The afferent nerve fibers aseend to 
the eentral nervous system through the eardiae branehes of the 
sympathetie trunk and enter the spinal eord through the poste- 
rior roots of the upper four thoraeie nerves. The nature of the 
pain varies eonsiderably, from a severe crushing pain to nothing 
more than a mild diseomfort. 

The pain is not felt in the heart, but is referred to the skin 
areas supplied by the eorresponding spinal nerves. The skin 
areas supplied by the upper four intereostal nerves and by the 
intereostobraehial nerve (T2) are therefore affeeted. The inter- 
eostobraehial nerve communicates vvith the medial cutaneous 


nerve of the arm and is distributed to skin on the medial side of 
the upper part of the arm. A eertain amount of spread of nervous 
information must occur vvithin the eentral nervous system, for 
the pain is sometimes felt in the neek and the javv. 

Myoeardial infaretion involving the inferior vvall or diaphrag- 
matie surface of the heart often gives rise to diseomfort in the 
epigastrium. One must assume thatthe afferent pain fibers from 
the heart aseend in the sympathetie nerves and enter the spinal 
eord in the posterior roots of the seventh, eighth, and ninth tho- 
raeie spinal nerves and give rise to referred pain in the T7, T8, 
and T9 thoraeie dermatomes in the epigastrium. 

Because the heart and the thoraeie part of the esophagus 
probably have similar afferent pain pathvvays, it is not surprising 
that painful acute esophagitis ean mimie the pain of myoeardial 
infaretion. 


Aetion of the Heart 

The heart is a muscular pump. The series of ehanges that 
take plaee within it as it fills with blood and empties is 
referred to as the eardiae eyele. The normal heart beats 
70 to 90 times per minute in the resting adult and 130 to 
150 times per minute in the newborn ehild. 

Blood is continuously returning to the heart; during 
ventrienlar systole (eontraetion), when the atrioventrienlar 
valves are elosed, the blood is temporarily aeeommodated 
in the large veins and atria. Onee ventrienlar diastole (relax- 
ation) occurs, the atrioventricular valves open, and blood 
passively fiows from the atria to the ventrieles (Fig. 3.38). 
When the ventrieles are nearly fnll, atrial systole occurs and 
forees the remainder of the blood in the atria into the ven- 
trieles. The sinnatrial node initiates the wave of eontraetion 
in the atria, which eommenees around the openings of the 
large veins and milks the blood toward the ventrieles. By 
this means, blood does not refiux into the veins. 

The eardiae impnlse, having reaehed the atrioventrienlar 
node, is eondneted to the papillary mnseles by the atrioven- 
trienlar bundle and its branehes (Fig. 3.38). The papillary 
mnseles then begin to eontraet and take up the slaek of the 
ehordae tendineae. Meanwhile, the ventrieles start eon- 
traeting and the atrioventrienlar valves elose. The spread 
of the eardiae impnlse along the atrioventrienlar bundle 


(Fig. 3.38) and its terminal branehes, inelnding the Pnrkinje 
fibers, ensnres that myoeardial eontraetion occurs at almost 
the same time throughout the ventrieles. 

Onee the intraventrienlar blood pressnre exceeds that 
present in the large arteries (aorta and pnlmonary trunk), 
the semilnnar valve cusps are pushed aside, and the blood 
is ejeeted from the heart. At the eonelnsion of ventrienlar 
systole, blood begins to move baek toward the ventrieles 
and immediately fills the poekets of the semilnnar valves. 
The cusps fioat into apposition and eompletely elose the 
aortie and pnlmonary orifiees. 

Surface Anatomy of the HeartValves 

The snrfaee projeetion of the heart was deseribed on page 
56. The snrfaee markings of the heart valves are as follows 
(Fig.3.14): 

■ The tricuspid valve lies behind the right half of the ster- 
num opposite the 4th intereostal spaee. 

■ The mitral valve lies behind the left half of the sternnm 
opposite the 4th eostal eartilage. 

■ The pulmonary valve lies behind the medial end of the 
third left eostal eartilage and the adjoining part of the 
sternnm. 

■ The aortie valve lies behind the left half of the sternnm 
opposite the 3rd intereostal spaee. 



e L 


N I e A L 


N 0 T E S 


Auscultatìon of the Heart Valves 


On listening to the heart with a stethoseope, one ean hear 
two sounds: lub-dup. The first sound is produced by the 
eontraetion of the ventrieles and the closure of the tricuspid 
and mitral valves. The seeond sound is produced by the sharp 


closure of the aortie and pulmonary valves. It is important 
for a physieian to know where to plaee the stethoseope on 
the ehest wall so that he or she will be able to hear sounds 
produced at eaeh valve with the minimum of distraetion or 
interferenee. 


(continued) 
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The tricuspid valve is best heard over the right half of the 
lovver end of the body of the sternom (Fig. 3.14). 

The mitral valve is best heard over the apex beat, that is, at 
the level of the fifth left intereostal spaee, 3.5 in. (9 em) from 
the midline (Fig. 3.14). 

The pulmonary valve is heard with least interferenee 
over the medial end of the seeond left intereostal spaee 
(Fig. 3.14). 

The aortie valve is best heard over the medial end of the see- 
ond right intereostal spaee (Fig. 3.14). 


Valvular Disease of the Heart 

Inflammation of a valve ean cause the edges of the valve 
cusps to stiek together. Later, fibrous thiekening occurs, fol- 
lowed by loss of flexibility and shrinkage. Narrowing (steno- 
sis) and valvular ineompetenee (regurgitation) result, and the 
heart eeases to function as an effieient pump. In rheumatic 
disease of the mitral valve, for example, not only do the cusps 
undergo fibrosis and shrink, but also the ehordae tendineae 
shorten, preventing closure of the cusps during ventricular 
systole. 


Valvular Heart Murmurs 

Apart from the sounds of the valves elosing, lub-dup, the blood 
passes through the normal heart silently. Should the valve 
orifiees beeome narrowed or the valve cusps distorted and 
shrunken by disease, however, a rippling effeet would be set 
up, leading to turbulence and vibrations that are heard as heart 
murmurs. 


Traumatìc Asphyxìa 

The sudden eaving in of the anterior ehest wall assoeiated 
with fractures of the sternum and ribs causes a dramatie rise 
in intrathoraeie pressure. Apart from the immediate evidenee of 
respiratory distress, the anatomy of the venous system plays a 
signifieant role in the production of the eharaeteristie vascular 
signs of traumatic asphyxia. The thinness of the walls of the tho- 
raeie veins and the right atrium causes their eollapse under the 
raised intrathoraeie pressure, and venous blood is dammed baek 
in the veins of the neek and head. This produces venous eonges- 
tion; bulging of the eyes, which beeome injeeted; and swelling 
of the lips and tongue, which beeome eyanotie. The skin of the 
faee, neek, and shoulders beeomes purple. 

The Anatomy of Cardiopulmonary Resnseitatíon 

Cardiopulmonary resuscitation (CPR), aehieved by eompression 
of the ehest, was originally believed to succeed because of the 
eompression of the heart between the sternum and the vertebral 
column. Now it is reeognized thatthe blood flows in CPR because 
the whole thoraeie eage is the pump; the heart functions merely 
as a conduit for blood. An extrathoracic pressure gradient is 
ereated by external ehest eompressions. The pressure in all 
ehambers and loeations within the ehest eavity is the same. With 
eompression, blood is foreed out of the thoraeie eage. The blood 
preferentially flows out the arterial side of the circulation and 
baek down the venous side because the venous valves in the 
internal jugular system prevent a useless oseillatory movement. 
With the release of eompression, blood enters the thoraeie eage, 
preferentially down the venous side of the systemie circulation. 



YOLOGie NOTES 




Development of the Heart 
Formation of the HeartTnbe 

Clusters of eells arise in the mesenehyme atthe eephalie end of 
the embryonie dise, eephalie to the site of the developing mouth 
and the nervous system. These clusters of eells form a plexus 
of endothelial blood vessels that fuse to form the right and left 
endoeardial heart tnbes. These, too, soon fuse to form a single 
median endoeardial tube. As the head fold of the embryo devel- 
ops, the endoeardial tube and the perieardial eavity rotate on a 
transverse axisthrough almost 180°, sothatthey eometo lieven- 
tral to (in front of) the esophagus and caudal to the developing 
mouth. 

The heart tube starts to bulge into the perieardial eavity 
(Fig. 3.43). Meanwhile, the endoeardial tube beeomes sur- 
rounded by a thiek layer of mesenehyme, which will differenti- 
ate into the myocardium and the viseeral layer of the serous 
pericardium. The primitive heart has been established, and the 
eephalie end is the arterial end and the caudal end is the venous 
end. The arterial end of the primitive heart is continuous beyond 
the pericardium with a large vessel, the aortie sae (Fig. 3.44). The 
heart begins to beat during the third week. 


Further Development of the Heart Tube 

The heart tube then undergoes differential expansion so that 
several dilatations, separated by grooves, result. From the arte- 
rial to the venous end, these dilatations are ealled the bulbus 
eordis, the ventriele, the atrium, and the right and left horns of 
the sinus venosus. The bulbus eordis and ventricular parts of the 
tube now elongate more rapidly than the remainder of the tube, 
and sinee the arterial and venous ends are fixed by the periear- 
dium, the tube begins to bend (Fig. 3.45). The bend soon beeomes 
U-shaped and then forms a compound S-shape, with the atrium 
lying posteriortothe ventricle;thus,the venous and arterial ends 
are brought elose together as they are in the adult. The passage 
between the atrium and the ventriele narrows to form the atrio- 
ventricular eanal. As these ehanges are taking plaee, a gradual 
migration of the heart tube occurs so that the heart passes from 
the neek region to what will beeome the thoraeie region. 

Development of the Atria 

The primitive atrium beeomes divided into two—the right and left 
atria—in the following manner (Fig. 3.46). First, the atrioventricu- 
lar eanal widens transversely. The eanal then beeomes divided 
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into right and left halves by the appearanee of ventral and dor- 
sal atrioventrieolar eoshions, vvhieh fuse to form the septum 
intermedium. Meanvvhile, another septum, the septum primum, 
develops from the roof of the primitive atrium and grovvs down 
to fuse with the septum intermedium. Before fusion occurs, the 
opening between the lower edge of the septum primum and 
septum intermedium is referred to as the foramen primum. The 
atrium now is divided into right and left parts. Before eomplete 
obliteration of the foramen primum has taken plaee, degenera- 
tive ehanges occur in the eentral portion of the septum primum; 
a foramen appears, the foramen secundum, so thatthe right and 
left atrial ehambers again communicate. Another, thieker, sep- 
tum (the septum secundum) grows down from the atrial roof on 
the right side of the septum primum. The lower edge of the sep- 
tum secundum overlaps the foramen secundum in the septum 
primum but does not reaeh the floor of the atrium and does not 
fuse with the septum intermedium. The spaee between the free 
margin of the septum secundum and the septum primum is now 
known as the foramen ovale (Fig. 3.46). 

Before birth, the foramen ovale allows oxygenated blood 
that has entered the right atrium from the inferior vena eava to 
pass into the left atrium. However, the lower part of the septum 
primum serves as a flaplike valve to prevent blood from mov- 
ing from the left atrium into the right atrium. At birth, owing to 
raised blood pressure in the left atrium, the septum primum is 
pressed againstthe septum secundum and fuses with it, and the 
foramen ovale is elosed. The two atria thus are separated from 
eaeh other. The lower edge of the septum secundum seen in 
the right atrium beeomes the annlns ovalis, and the depression 
below this is ealled the fossa ovalis. The right and left anrienlar 
appendages later develop as small diverticula from the right and 
left atria, respeetively. 

Development of the Ventrieles 

A muscular partition projeets upward from the floor of the 
primitive ventriele to form the ventrienlar septnm (Fig. 3.46). 
The spaee bounded by the ereseentie upper edge of the septum 
and the endoeardial cushions forms the interventrienlar fora- 
men. Meanwhile, spiral subendocardial thiekenings, the bnlbar 
ridges, appear in the distal part of the bulbus eordis. The bulbar 
ridges then grow and fuse to form a spiral aortieopnlmonary sep- 
tum (Fig. 3.47). The interventricular foramen eloses as the result 
of proliferation of the bulbar ridges and the fused endoeardial 
cushions (septum intermedium). This newly formed tissue grows 
down and fuses with the upper edge of the muscular ventricular 
septum to form the membranous part of tbe septum (Fig. 3.46). 
The closure of the interventricular foramen not only shuts off the 
path of communication between the right and left ventrieles, but 
also ensures that the right ventricular eavity communicates with 
the pulmonary trunk and the left ventricular eavity communicates 
with the aorta. In addition, the right atrioventricular opening now 
eonneets exclusively with the right ventricular eavity and the left 
atrioventricular opening, with the left ventricular eavity. 

Development of tbe Roots and Proximal Portíons of 
tbe Aorta and tbe Pnlmonary Trunk 

The distal part of the bulbus eordis is known as the truncus 
arteriosus (Fig. 3.44). It is divided by the spiral aorticopulmonary 
septum to form the roots and proximal portions of the aorta and 
pulmonary trunk (Fig. 3.47). With the establishment of right and 


leftventricles,the proximal portion of the bulbus eordis beeomes 
ineorporated into the right ventriele as the definitive conus arte- 
riosus or infundibulum, and into the left ventriele as the aortie 
vestibule. Just distal to the aortie valves, the two eoronary arter- 
ies arise as outgrowths from the developing aorta. 

Development of tbe Gardiae Valves 

Semilunar Valves ofthe Aorta and PolmonaryArteries 

After the formation of the aorticopulmonary septum, three swell- 
ings appear atthe orifiees of both the aorta and the pulmonary 
artery. Eaeh swelling eonsists of a eovering of endothelium over 
loose eonneetive tissue. Gradually, the swellings beeome exca- 
vated on their upper surfaces to form the semilunar valves. 

Atrioventrieolar Valves 

After the formation of the septum intermedium, the atrioven- 
tricular eanal beeomes divided into right and left atrioventricu- 
lar orifiees. Raised folds of endocardium appear at the margins 
of these orifiees. These folds are invaded by mesenehymal tis- 
sue that later beeomes hollowed out from the ventricular side. 
Three valvular cusps are formed aboutthe right atrioventricular 
orifiee and constitute the tricuspid valve; two cusps are formed 
aboutthe left atrioventricular orifiee to beeome the mitral valve. 
The newly formed cusps enlarge, and their mesenehymal eore 
beeomes differentiated into fibrous tissue. The cusps remain 
attaehed at intervals to the ventricular wall by muscular strands. 
Later, the muscular strands beeome differentiated into papillary 
muscles and ebordae tendineae. 

Gongenital Anomalies of tbe Heart 
Atrial Septal Defeets 

After birth, the foramen ovale beeomes eompletely elosed as 
the result of the fusion of the septum primum with the septum 
secundum. In 25% of hearts, a small opening persists, butthis is 
usually of such a minor nature that it has no elinieal signifieanee. 
Oeeasionally, the opening is much larger and results in oxygen- 
ated blood from the left atrium passing over into the right atrium 
(Fig.3.37). 

Ventrienlar Septal Defeets 

The ventricular septum is formed in a eomplieated manner and 
is eomplete only when the membranous part fuses with the 
muscular part. Ventricular septal defeets are less frequent than 
atrial septal defeets. They are found in the membranous part of 
the septum and ean measure 1 to 2 em in diameter. Blood under 
high pressure passes through the defeet from left to right, caus- 
ing enlargement ofthe right ventriele. Large defeets are serious 
and ean shorten life if surgery is not performed. 

Tetralogy of Fallot 

Normally, the bulbus eordis beeomes divided into the aorta and 
pulmonary trunk by the formation of the spiral aorticopulmonary 
septum. This septum is formed by the fusion of the bulbar ridges. 
If the bulbar ridges fail to fuse eorreetly, unequal division of the 
bulbus eordis may occur, with consequent narrowing of the pul- 
monary trunk resulting in interferenee with the right ventricular 
outflow. 

This eongenital anomaly is responsible for about 9% of all 
eongenital heart disease (Fig. 3.37). The anatomie abnormalities 
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include large ventricular septal defeet; stenosis of the pulmonary 
trunk, vvhieh ean occur at the infundibulum of the right ventriele 
or atthe pulmonary valve; exitofthe aorta immediately above the 
ventricular septal defeet (instead of from the left ventricular eav- 
ity only); and severe hypertrophy of the rightventriele, because of 
the high blood pressure in the right ventriele. The defeets cause 
eongenital eyanosis and eonsiderably limit aetivity; patients with 
severe untreated abnormalities die. Onee the diagnosis has been 
made, most ehildren ean be successfully treated surgically. 


Most ehildren find that assuming the squatting position after 
physieal aetivity relieves their breathlessness. This happens 
because squatting reduces the venous return by eompressing 
the abdominal veins and inereasing the systemie arterial resis- 
tanee by kinking the femoral and popliteal arteries in the legs; 
both these meehanisms tend to deerease the right-to-left shunt 
through the ventricular septal defeet and improve the pulmonary 
circulation. 


Large Veins of the Thorax 
Braehioeephalie Veins 

The right braehioeephalie vein is formed at the root of 
the neek by the nnion of the right snbelavian and the right 
internal jngnlar veins (Figs. 3.15 and 3.48). The left bra- 
ehioeephalie vein has a similar origin (Figs. 3.30 and 3.32). 
It passes obliquely downward and to the right behind the 
manubrium sterni and in front of the large branehes of the 


aortie areh. It joins the right braehioeephalie vein to form 
the snperior vena eava (Fig. 3.48). 

Snperior Vena Gava 

The snperior vena eava eontains all the venous blood from 
the head and neek and both upper limbs and is formed by 
the union of the two braehioeephalie veins (Figs. 3.32 and 
3.48). It passes downward to end in the right atrium of the 
heart (Fig. 3.36). The vena azygos joins the posterior aspeet 
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FIGURE3.43 The development of the endoeardial tube in relation to the perieardial eavity. 
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FIGURE 3.44 The parts of the endoeardial heart tube vvithin 
the perieardiym. 


of the superior vena eava just before it enters the periear- 
dium (Figs. 3.15 and 3.48). 

Azygos Veins 

The azygos veins eonsist of the main azygos vein, the infe- 
rior hemiazygos vein, and the snperior hemiazygos vein. 
They drain blood from the posterior parts of the intereos- 
tal spaees, the posterior abdominal wall, the perieardinm, 
the diaphragm, the bronehi, and the esophagns (Fig. 3.48). 


Azygos Vein 

The origin of the azygos vein is variable. It is often 
formed by the union of the right aseending Inmbar vein 
and the right snbeostal vein. It aseends throngh the aor- 
tie opening in the diaphragm on the right side of the 
aorta to the level of the fifth thoraeie vertebra (Fig. 3.48). 
Here it arehes forward above the root of the right lung 
to empty into the posterior snrfaee of the snperior vena 
eava (Fig. 3.15). 

The azygos vein has numerous tributaries, including 

the eight lower right intereostal veins, the right snperior 
intereostal vein, the snperior and inferior hemiazygos 
veins, and numerous mediastinal veins. 

Inferior Hemiazygos Vein 

The inferior hemiazygos vein is often formed by the union 
of the left aseending lumbar vein and the left snbeostal vein. 
It aseends throngh the left crus of the diaphragm and, at 
about the level of the eighth thoraeie vertebra, turns to the 
right and joins the azygos vein (see Fig. 2.11). It reeeives as 
tribntaries some lower left intereostal veins and medias- 
tinal veins. 

Snperior Hemiazygos Vein 

The snperior hemiazygos vein is formed by the union of the 
fourth to the eighth intereostal veins. It joins the azygos vein 
at the level of the seventh thoraeie vertebra (see Fig. 2.11). 

Inferior Vena Cava 

The inferior vena eava pierees the eentral tendon of the dia- 
phragm opposite the eighth thoraeie vertebra and almost 
immediately enters the lowest part of the right atrium (see 
Figs. 3.15, 3.36, and 3.48). 
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Azygos Veìns and Gaval Obstrnetìon 

In obstruction of the superior or inferior venae eavae, the 
azygos veins provide an alternative pathvvay forthe return of 
venous blood to the right atrium of the heart. This is possible 
becausethese veins andtheirtributaries eonneetthe superior 
and inferior venae eavae. 

V___ J 


Pulmonary Veins 

Two pulmonary veins leave eaeh lung earrying oxygen- 
ated blood to the left atrium of the heart (Figs. 3.15, 3.35, 
and 3.39). 


pericardium (Fig. 3.32) and is enelosed with the pulmo- 
nary trunk in a sheath of serous pericardium. At its root, it 
possesses three bulges, the sinuses of the aorta, one behind 
eaeh aortie valve cusp. 

Branehes 

The right eoronary artery arises from the anterior aortie 
sinus, and the left eoronary artery arises from the left pos- 
terior aortie sinus (Figs. 3.34 and 3.41). The ftirther course 
of these important arteries is deseribed on pages 86 to 87. 

Areh of the Aorta 

The areh of the aorta is a continuation of the aseending 
aorta (Fig. 3.34). It lies behind the manubrium sterni 
and arehes upward, backward, and to the left in front 
of the traehea (its main direetion is backward). It then 
passes downward to the left of the traehea and, at the 
level of the sternal angle, beeomes continuous with the 
deseending aorta. 


Large Arteries of the Thorax 
Aorta 

The aorta is the main arterial trunk that delivers oxygen- 
ated blood from the left ventriele of the heart to the tis- 
sues of the body. It is divided for purposes of deseription 
into the following parts: aseending aorta, areh of the aorta, 
deseending thoraeie aorta, and abdominal aorta. 

Aseending Aorta 

The aseending aorta begins at the base of the left ventriele 
and runs upward and forward to eome to lie behind the 
right half of the sternnm at the level of the sternal angle, 
where it beeomes continuous with the areh of the aorta 
(Fig. 3.34). The aseending aorta lies within the fibrous 


Branehes 

The braehioeephalie artery arises from the convex snrfaee 
of the aortie areh (Figs. 3.34 and 3.49). It passes upward 
and to the right of the traehea and divides into the right 
subclavian and right eommon earotid arteries behind the 
right sternoclavicular joint. 

The left eommon earotid artery arises from the convex 
surface of the aortie areh on the left side of the braehioee- 
phalie artery (Figs. 3.34 and 3.49). It runs upward and to 
the left of the traehea and enters the neek behind the left 
sternoelavienlar joint. 

The left subclavian artery arises from the aortie areh 
behind the left eommon earotid artery (Figs. 3.34,3.35, and 
3.49). It runs upward along the left side of the traehea and 
the esophagus to enter the root of the neek (Fig. 3.15). It 
arehes over the apex of the left lung. 
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FIGURE3.46 The division of the primitive atrium into the right and left atria by the appearanee of the septa.The sinuatrial 
orifiee and the fate of the venous valves are shovvn, as is the appearanee of the ventricular septum. 










96 GHAPTER 3 The Thorax: Part II—The Thoraeie Gavity 


Dpper Part of Bulbus Cordis 


Lower Part of Bulbus Gordis 


blood entering 
aorta 

A 



blood in 
polmonary trunk 


pulmonary trunk 


right bulbar ridge 


spiral 


septum 
intermedium 
(endoeardial 
cushions) 


aorticopulmonary 

septum 


aorta 


left bulbar 



interventricular 


foramen 


right 
atrioventricular 
opening 



ventricular septum 
(muscular part) 


ventriele 


septum 
intermedium 
(endoeardial 
cushions) 


B 


e 
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FIGURE 3.49 Major branehes of the aorta. 


Deseending Thoraeie Aorta 

The deseending thoraeie aorta lies in the posterior medi- 
astinnm and begins as a eontinnation of the areh of the 
aorta on the left side of the lower border of the body of 
the 4th thoraeie vertebra (i.e., opposite the sternal angle). 
It runs downward in the posterior mediastinum, inelin- 
ing forward and medially to reaeh the anterior snrfaee of 
the vertebral column (Figs. 3.15 and 3.49). At the level of 
the 12th thoraeie vertebra, it passes behind the diaphragm 
(throngh the aortie opening) in the midline and beeomes 
continuous with the abdominal aorta. 

Branehes 

Posterior intereostal arteries are given off to the lower 
nine intereostal spaees on eaeh side (Fig. 3.49). Snbeostal 


arteries are given off on eaeh side and run along the lower 
border of the 12th rib to enter the abdominal wall. 

Perieardial, esophageal, and bronehial arteries are 
small branehes that are distribnted to these organs. 

PulmonaryTrunk 

The pnlmonary trunk eonveys deoxygenated blood from 
the right ventriele of the heart to the lungs. It leaves the 
upper part of the right ventriele and runs upward, baek- 
ward, and to the left (Fig. 3.34). It is about 2 in. (5 em) 
long and terminates in the eoneavity of the aortie areh by 
dividing into right and left pnlmonary arteries (Fig. 3.11). 
Together with the aseending aorta, it is enelosed in the 
fibrons perieardinm and a sheath of serous pericardium 
(Fig.3.32). 
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Aneurysm and Goaretation of the Aorta 

The areh of the aorta lies behind the manubrium sterni. A gross 
dilatation of the aorta (aneurysm) may show itself as a pulsatile 
swelling in the suprasternal noteh. 

Goaretation of the aorta is a eongenital narrowing of the 
aorta just proximal, opposite, or distal to the site of attaehment 
of the ligamentum arteriosum. This eondition is believed to result 
from an unusual quantity of ductus arteriosus muscle tissue in 
the wall of the aorta. When the ductus arteriosus eontraets, the 
ductal muscle in the aortie wall also eontraets, and the aortie 



lumen beeomes narrowed. Later, when fibrosis takes plaee, the 
aortie wall also is involved, and permanent narrowing occurs. 

eiinieally, the eardinal sign of aortie eoaretation is absent 
or diminished pulses in the femoral arteries of both lower limbs. 
To eompensate forthe diminished volume of blood reaehing the 
lower part of the body, an enormous eollateral circulation devel- 
ops, with dilatation of the internal thoraeie, subclavian, and pos- 
terior intereostal arteries. The dilated intereostal arteries erode 
the lower borders of the ribs, producing eharaeteristie noteh- 
ing, which is seen on radiographie examination. The eondition 
should be treated surgically. 


Branehes 

The right pulmonary artery runs to the right behind the 
aseending aorta and superior vena eava to enter the root of 
the right lung (Figs. 3.11, 3.15, and 3.34). 

The left pulmonary artery runs to the left in front 
of the deseending aorta to enter the root of the left lung 
(Figs. 3.11, 3.15, and 3.34). 

The ligamentnm arteriosnm is a fibrons band that 
eonneets the bifnreation of the pnlmonary trunk to the 
lower eoneave snrfaee of the aortie areh (Figs. 3.15 and 
3.35). The ligamentnm arteriosnm is the remains of the 
ductus arteriosus, which in the fetus conducts blood from 
the pulmonary trunk to the aorta, thus bypassing the 
lungs. The left reenrrent laryngeal nerve hooks around the 
lower border of this structure (Figs. 3.15 and 3.35). After 
birth, the ductus eloses. Should it remain patent, aortie 
blood will enter the pnlmonary eirenlation, prodneing 
pnlmonary hypertension and hypertrophy of the right 
ventriele (Fig. 3.37). Snrgieal ligation of the ductus is then 
neeessary. 




e L I N I e A L N 0 T E S 


Patent Ductus Arterìosus 

The ductus arteriosus representsthe distal portion of the sixth 
left aortie areh and eonneets the left pulmonary artery to the 
beginning of the deseending aorta (Fig. 3.37D). During fetal 
life, blood passes through it from the pulmonary artery to the 
aorta, thus bypassing the lungs. After birth, it normally eon- 
striets, later eloses, and beeomes the ligamentum arteriosum. 

Failure of the ductus arteriosus to elose may occur as an 
isolated eongenital abnormality or may be assoeiated with 
eongenital heart disease. A persistent patent ductus arte- 
riosus results in high-pressure aortie blood passing into the 
pulmonary artery, which raises the pressure in the pulmonary 
circulation. A patent ductus arteriosus is life threatening and 
should be ligated and divided surgically. 

V___ J 


Lymph Nodes and Vessels of the 
Thorax 

Thoraeie Wall 

The lymph vessels of the skin of the anterior thoraeie wall 
drain to the anterior axillary nodes. The lymph vessels of 
the skin of the posterior thoraeie wall drain to the poste- 
rior axillary nodes. The deep lymph vessels of the anterior 
parts of the intereostal spaees drain forward to the internal 
thoraeie nodes along the internal thoraeie blood vessels. 
From here, the lymph passes to the thoraeie duct on the 
left side and the bronehomediastinal trunk on the right 
side. The deep lymph vessels of the posterior parts of the 
intereostal spaees drain backward to the posterior inter- 
eostal nodes lying near the heads of the ribs. From here, the 
lymph enters the thoraeie duct. 

Mediastinum 

In addition to the nodes draining the lungs, other nodes 
are found seattered throngh the mediastinnm. They drain 
lymph from mediastinal structures and empty into the 
bronehomediastinal trunks and thoraeie duct. Disease and 
enlargement of these nodes may exert pressnre on impor- 
tant neighboring mediastinal structures, such as the tra- 
ehea and snperior vena eava. 

Thoraeie Duct 

The thoraeie duct begins below in the abdomen as a dilated 
sae, the eisterna ehyli. It aseends throngh the aortie opening 
in the diaphragm, on the right side of the deseending aorta. 
It gradnally erosses the median plane behind the esophagns 
and reaehes the left border of the esophagns (Fig. 3.6B) at 
the level of the lower border of the body of the 4th tho- 
raeie vertebra (sternal angle). It then runs upward along 
the left edge of the esophagns to enter the root of the neek 
(Fig. 3.6B). Here, it bends laterally behind the earotid sheath 
and in front of the vertebral vessels. It turns downward in 
front of the left phrenie nerve and erosses the snbelavian 
artery to enter the beginning of the left braehioeephalie vein. 
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At the root of the neek, the thoraeie duct reeeives the 
left jugular, subclavian, and bronehomediastinal lymph 
trunks, although they may drain direetly into the adjaeent 
large veins. 

The thoraeie duct thus eonveys to the blood all lymph 
from the lower limbs, pelvie eavity, abdominal eavity, left 
side of the thorax, and left side of the head, neek, and left 
arm (see Fig 1.21). 

Right Lymphatie Duct 

The right jugular, subclavian, and bronehomediastinal 
trunks, which drain the right side of the head and neek, the 
right upper limb, and the right side of the thorax, respee- 
tively, may join to form the right lymphatie duct. This 
eommon duct, if present, is about 0.5 in. (1.3 em) long and 
opens into the beginning of the right braehioeephalie vein. 
Alternatively, the trunks open independently into the great 
veins at the root of the neek. 

Nerves of the Thorax 

Vagus Nerves 

The right vagus nerve deseends in the thorax, first lying 
posterolateral to the braehioeephalie artery (Fig. 3.6), then 
lateral to the traehea and medial to the terminal part of the 
azygos vein (Fig. 3.15). It passes behind the root of the right 
lung and assists in the formation of the pnlmonary plexus. 
On leaving the plexus, the vagus passes onto the posterior 
snrfaee of the esophagns and takes part in the formation of 
the esophageal plexus. It then passes throngh the esopha- 
geal opening of the diaphragm behind the esophagns to 
reaeh the posterior snrfaee of the stomaeh. 

The left vagus nerve deseends in the thorax between the 
left eommon earotid and the left snbelavian arteries (Figs. 
3.6 and 3.15). It then erosses the left side of the aortie areh 
and is itself erossed by the left phrenie nerve. The vagus 
then turns backward behind the root of the left lung and 
assists in the formation of the pnlmonary plexus. On leav- 
ing the plexus, the vagus passes onto the anterior snrfaee 
of the esophagns and takes part in the formation of the 
esophageal plexus. It then passes throngh the esophageal 
opening in the diaphragm in front of the esophagns to 
reaeh the anterior snrfaee of the stomaeh. 

Branehes 

Both vagi supply the lungs and esophagns. The right vagus 
gives off eardiae branehes, and the left vagus gives origin 
to the left reenrrent laryngeal nerve. (The right reenrrent 
laryngeal nerve arises from the right vagus in the neek and 
hooks around the snbelavian artery and aseends between 
the traehea and esophagns.) 

The left recurrent laryngeal nerve arises from the left 
vagus trunk as the nerve erosses the areh of the aorta (Figs. 
3.15 and 3.35). It hooks around the ligamentnm arterio- 
sum and aseends in the groove between the traehea and 
the esophagns on the left side (Fig. 3.6). It snpplies all the 
mnseles aeting on the left voeal eord (except the erieothy- 
roid muscle, a tensor of the eord, which is snpplied by the 
external laryngeal braneh of the vagus). 


Phrenie Nerves 

The phrenie nerves arise from the neek from the anterior 
rami of the 3rd, 4th, and 5th eervieal nerves (see page 
618). 

The right phrenie nerve deseends in the thorax along 
the right side of the right braehioeephalie vein and the 
snperior vena eava (Figs. 3.6 and 3.15). It passes in front 
of the root of the right lung and runs along the right 
side of the perieardinm, which separates the nerve from 
the right atrium. It then deseends on the right side of 
the inferior vena eava to the diaphragm. Its terminal 
branehes pass throngh the eaval opening in the dia- 
phragm to supply the eentral part of the peritonenm on 
its nnderaspeet. 

The left phrenie nerve deseends in the thorax along the 
left side of the left snbelavian artery. It erosses the left side 
of the aortie areh (Fig. 3.15) and here erosses the left side of 
the left vagus nerve. It passes in front of the root of the left 
lung and then deseends over the left snrfaee of the periear- 
dium, which separates the nerve from the left ventriele. On 
reaehing the diaphragm, the terminal branehes pieree the 
muscle and supply the eentral part of the peritonenm on 
its nnderaspeet. 

The phrenie nerves possess efferent and afferent fibers. 
The efferent fibers are the sole nerve supply to the muscle 
of the diaphragm. 

The afferent fibers earry sensation to the eentral nervons 
system from the peritonenm eovering the eentral region of 
the undersurface of the diaphragm, the pleura eovering the 
eentral region of the upper surface of the diaphragm, and 
the perieardinm and mediastinal parietal pleura. 


e L I N I e A L N 0 T E S 


Paralysìs of the Dìaphragm 

The phrenie nerve may be paralyzed beeanse of pressnre 
from malignant tumors in the mediastinum. Surgical crush- 
ing or seetioning of the phrenie nerve in the neek, producing 
paralysis of the diaphragm on one side, was onee used as part 
of the treatment of lung tuberculosis, espeeially of the lower 
lobes. The immobile dome of the diaphragm rests the lung. 

V___ J 

Thoraeie Part of the Sympathetie Trunk 

The thoraeie part of the sympathetie trunk is continuous 
above with the eervieal and below with the lumbar parts of 
the sympathetie trunk. It is the most laterally plaeed struc- 
ture in the mediastinnm and runs downward on the heads 
of the ribs (Fig. 3.15). It leaves the thorax on the side of the 
body of the 12th thoraeie vertebra by passing behind the 
medial arenate ligament. 

The sympathetie trunk has 12 (often only 11) segmen- 
tally arranged ganglia, eaeh with white and gray ramus 
communicans passing to the eorresponding spinal nerve. 
The first ganglion is often ftised with the inferior eervieal 
ganglion to form the stellate ganglion. 
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Branehes 

1 . Gray rami communicantes go to all the thoraeie spinal 
nerves. The postganglionie fibers are distributed through 
the branehes of the spinal nerves to the blood vessels, 
sweat glands, and arreetor pili mnseles of the skin. 

2 . The first five ganglia give postganglionie fibers to the 
heart, aorta, lungs, and esophagns. 

3. The lower eight ganglia mainly give preganglionie fib- 
ers, which are gronped together to form the splanehnie 
nerves (Fig. 3.15) and supply the abdominal viseera. 
They enter the abdomen by piereing the crura of the 
diaphragm. The greater splanehnie nerve arises from 
ganglia 5 to 9, the lesser splanehnie nerve arises from 
ganglia 10 and 11, and the lowest splanehnie nerve 
arises from ganglion 12. For details of the distribntion 
of these nerves in the abdomen, see page 224. 
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Sympathetìe Tmnk ìn the Treatment of Raynand 
Disease 

Preganglionie sympatheetomy of the 2nd and 3rd thoraeie 
ganglia ean be performed to inerease the blood flow to the 
fingers for such eonditions as Raynaud disease. The sym- 
patheetomy causes vasodilatation of the arterioles in the 
upper limb. 

Spinal Anesthesia and the Sympathetie Nervons 
System 

A high spinal anesthetie may bloekthe preganglionie sympa- 
thetie fibers passing out from the lower thoraeie segments of 
the spinal eord. This producestemporary vasodilatation below 
this level, with a consequentfall in blood pressure. 


arteries; and, at its lower end, the deseending thoraeie 
aorta (Figs. 3.6 and 3.39) 

■ Right side: The mediastinal pleura and the terminal part 
of the azygos vein (see Fig. 3.15) 

■ Left side: The left snbelavian artery, the aortie areh, the 
thoraeie duct, and the mediastinal pleura (Fig. 3.15) 

Inferiorly to the level of the roots of the lungs, the vagus 
nerves leave the pnlmonary plexus and join with sympa- 
thetie nerves to form the esophageal plexus. The left vagus 
lies anterior to the esophagns, and the right vagus lies pos- 
terior. At the opening in the diaphragm, the esophagns is 
aeeompanied by the two vagi, branehes of the left gastrie 
blood vessels, and lymphatie vessels. Fibers from the right 
crus of the diaphragm pass around the esophagns in the 
form of a sling. 

In the abdomen, the esophagns deseends for about 
0.5 in. (1.3 em) and then enters the stomaeh. It is related to 
the left lobe of the liver anteriorly and to the left crus of the 
diaphragm posteriorly. 

Blood Supply of the Esophagus 

The upper third of the esophagus is supplied by the infe- 
rior thyroid artery, the middle third by branehes from the 
deseending thoraeie aorta, and the lower third by branehes 
from the left gastrie artery. The veins from the upper third 
drain into the inferior thyroid veins, from the middle third 
into the azygos veins, and from the lower third into the left 
gastrie vein, a tribntary of the portal vein. 

Lymph Drainage of the Esophagus 

Lymph vessels from the upper third of the esophagus drain 
into the deep eervieal nodes, from the middle third into 
the snperior and posterior mediastinal nodes, and from the 
lower third into nodes along the left gastrie blood vessels 
and the eeliae nodes (see Fig. 3.26). 


Esophagns 

The esophagns is a tubular structure about 10 in. (25 em) 
long that is continuous above with the laryngeal part of 
the pharynx opposite the sixth eervieal vertebra. It passes 
throngh the diaphragm at the level of the lOth thoraeie ver- 
tebra to join the stomaeh (Fig. 3.9). 

In the neek, the esophagns lies in front of the vertebral 
column; laterally, it is related to the lobes of the thyroid 
gland; and anteriorly, it is in eontaet with the traehea and 
the reenrrent laryngeal nerves (see page 639). 

In the thorax, it passes downward and to the left throngh 
the snperior and then the posterior mediastinnm. At the 
level of the sternal angle, the aortie areh pushes the esopha- 
gus over to the midline (Fig. 3.6). 

The relations of the thoraeie part of the esophagns from 
above downward are as follows: 

■ Anteriorly: The traehea and the left reenrrent laryn- 
geal nerve; the left prineipal bronehns, which eonstriets 
it; and the perieardinm, which separates the esophagns 
from the left atrium (Figs. 3.6 and 3.39) 

■ Posteriorly: The bodies of the thoraeie vertebrae; the tho- 
raeie duct; the azygos veins; the right posterior intereostal 


Nerve Supply of the Esophagus 

The esophagns is snpplied by parasympathetie and sympa- 
thetie efferent and afferent fibers via the vagi and sympa- 
thetie trunks. In the lower part of its thoraeie course, the 
esophagus is surrounded by the esophageal nerve plexus. 

Thymus 

The thymus is a fiattened, bilobed structure (see Fig. 3.6) 
lying between the sternnm and the perieardinm in the 
anterior mediastinnm. In the newborn infant, it reaehes its 
largest size relative to the size of the body, at which time it 
may extend up through the superior mediastinum in front 
of the great vessels into the root of the neek. The thymus 
continues to grow until pnberty but thereafter undergoes 
involntion. It has a pink, lobnlated appearanee and is the 
site for development of T (thymie) lymphoeytes. 

Blood Supply 

The blood supply of the thymus is from the inferior thyroid 
and internal thoraeie arteries. 
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Esophageal Constrìctìons 

The esophagus has three anatomie and physiologie eonstrie- 
tions. The first is vvhere the pharynx joins the upper end, the 
seeond is vvhere the aortie areh and the left bronchus eross 
its anterior surface, and the third occurs vvhere the esophagus 
passes through the diaphragm into the stomaeh. These eon- 
strietions are of eonsiderable elinieal importanee because they 
are sites vvhere svvallovved foreign bodies ean lodge or through 
vvhieh it may be difficult to pass an esophagoseope. Because a 
slight delay in the passage of food or fluid occurs at these lev- 
els, strictures develop here after the drinking of caustic fluids. 
Those eonstrietions are also the eommon sites of eareinoma 
of the esophagus. It is useful to remember that their respee- 
tive distanees from the upper ineisor teeth are 6 in. (15 em), 
10 in. (25 em), and 16 in. (41 em), respeetively (Fig. 3.50). 


Portal-Systemíe Venous Anastomosìs 

At the lovver third of the esophagus is an important portal- 
systemie venous anastomosis. (For other portal-systemie anas- 
tomoses, see page 195.) Here, the esophageal tributaries of the 
azygos veins (systemie veins) anastomose vvith the esophageal 
tributaries of the left gastrie vein (vvhieh drains into the portal 
vein). Should the portal vein beeome obstructed, as, for example, 
in eirrhosis of the liver, portal hypertension develops, resulting in 


the dilatation and varieosity of the portal-systemie anastomoses. 
Varieosed esophageal veins may rupture during the passage 
of food, causing hematemesis (vomiting of blood), vvhieh may 
be fatal. 

Gareinoma of the LovverThird of the Esophagus 

The lymph drainage of the lovverthird of the esophagus deseends 
through the esophageal opening in the diaphragm and ends in 
the eeliae nodes around the eeliae artery (see Fig. 3.26). A malig- 
nant tumor of this area of the esophagus vvould therefore tend 
to spread belovv the diaphragm along this route. Consequently, 
surgical removal of the lesion vvould include not only the primary 
lesion, but also the eeliae lymph nodes and all regions that drain 
into these nodes, namely,the stomach,the upper half of the duo- 
denum, the spleen, and the omenta. Restoration of continuity of 
the gut is aeeomplished by performing an esophagojejunostomy. 

The Esophagus and the Left Atrìum of the Heart 

The elose relationship betvveen the anterior vvall of the esopha- 
gus and the posterior vvall of the left atrium has already been 
emphasized. A barium svvallovv may help a physieian assess the 
size of the left atrium in eases of left-sided heart failure, in vvhieh 
the left atrium beeomes distended because of baek pressure of 
venous blood. 




Ghest Paìn 

The presenting symptom of ehest pain is a eommon problem in 
elinieal praetiee. Unfortunately, ehest pain is a symptom eom- 
mon to many eonditions and may be caused by disease in the 
thoraeie and abdominal vvalls or in many different thoraeie and 
abdominal viseera. The severity of the pain is often unrelated 
to the seriousness of the cause. Myoeardial pain may mimie 
esophagitis, musculoskeletal ehest vvall pain, and other non- 
life-threatening causes. Unlessthe physieian is astute, a patient 
may be diseharged vvith a more serious eondition than the symp- 
toms indieate. It is not good enough to have a eorreet diagnosis 
only 99% of the time with ehest pain. An understanding of ehest 
pain helps the physieian in the systematie eonsideration of the 
differential diagnosis. 

Somatie Ghest Pain 

Pain arising from the ehest or abdominal walls is intense and 
diseretely loealized. Somatie pain arises in sensory nerve end- 
ings in these structures and is conducted to the eentral nervous 
system by segmental spinal nerves. 

Viseeral Ghest Pain 

Viseeral pain is diffuse and poorly loealized. It is conducted to 
the eentral nervous system along afferent autonomic nerves. 



Most viseeral pain fibers aseend to the spinal eord along 
sympathetie nerves and enter the eord through the posterior 
nerve roots of segmental spinal nerves. Some pain fibers from 
the pharynx and upper part of the esophagus and the traehea 
enter the eentral nervous system through the parasympathetie 
nerves via the glossopharyngeal and vagus nerves. 

Referred Ghest Pain 

Referred ehest pain is the feeling of pain at a loeation other than 
the site of origin of the stimulus, but in an area supplied by the 
same or adjaeent segments of the spinal eord. Both somatie and 
viseeral structures ean produce referred pain. 


Thoraeie Dermatomes 

To understand ehest pain, a working knowledge of the thoraeie 
dermatomes is essential (see pages 24 and 25). 


Pain and Lung Disease 

For a full discussion, see page 78. 


Gardiae Pain 

For a full discussion, see page 90. 
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FIGURE3.50 The approximate respeetive distanees from the ineisor teeth (blue) and the nosthls (reef) to the normal three 
eonstrietions of the esophagus.To assist in the passage of a tube to the duodenum, the distanees to the first part of the duo- 
denum are also included. 


Gross-Seetional Anatomy of the 
Thorax 

To assist in the interpretation of CT seans of the thorax, 
stndy the labeled eross seetions of the thorax shown in 
Fignre 3.51. The seetions have been photographed on their 
inferior snrfaees (see Figs. 3.52 and 3.53 for CT seans). 


Radiographig Anatomy 


Only the more important featnres seen on standard poster- 
oanterior and oblique lateral radiographs of the ehest are 
discussed here. 



Posteroanterior Radiograph 

A posteroanterior radiograph is taken with the anterior 
wall of the patient s ehest tonehing the eassette holder and 
with the x-rays traversing the thorax from the posterior 
to the anterior aspeet (Figs. 3.54 and 3.55). First eheek to 
make sure that the radiograph is a true posteroanterior 
radiograph and is not slightly oblique. Look at the sternal 
ends of both elavieles; they should be equidistant from the 
vertebral spines. 

Now examine the following in a systematie order: 

1. Superficial soft tissues: The nipples in both sexes and 
the breasts in the female may be seen snperimposed on 
the lung fields. The peetoralis major may also east a soft 
shadow. 
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FIGLIRE 3.51 Gross seetions of the thorax vievved from belovv. A. At the level of the body of the 3rd thoraeie vertebra. B. At 
the level of the 8th thoraeie vertebra. Note that in the living, the pleural eavity is only a potential spaee.The large spaee seen 
here is an artifaet and results from the embalming proeess. 
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FIGURE 3.52 Computed tomography sean of the upper part of the thorax at the level of the 3rd thoraeie vertebra. The 
seetion is vievved from belovv. 


2. Bones: The thoraeie vertebrae are imperfeetly seen. 
The eostotransverse joints and eaeh rib shonld be 
examined in order from above downward and eom- 
pared to the fellows of the opposite side (Fig. 3.54). 
The eostal eartilages are not nsnally seen, but if ealei- 
fied, they will be visible. The elavieles are elearly seen 
erossing the upper part of eaeh lung field. The medial 
borders of the seapnlae may overlap the periphery of 
eaeh lung field. 

3. Diaphragm: The diaphragm easts dome-shaped shad- 
ows on eaeh side; the one on the right is slightly higher 
than the one on the left. Note the eostophrenie angle, 
where the diaphragm meets the thoraeie wall (Fig. 3.54). 
Beneath the right dome is the homogeneons, dense 
shadow of the liver, and beneath the left dome a gas bub- 
ble may be seen in the fundus of the stomaeh. 

4. Traehea: The radiotranslucent, air-filled shadow of the 
traehea is seen in the midline of the neek as a dark area 
(Fig. 3.54). This is snperimposed on the lower eervieal 
and upper thoraeie vertebrae. 

5. Lungs: Looking first at the lung roots, one sees relatively 
dense shadows caused by the presenee of the blood-filled 
pnlmonary and bronehial vessels, the large bronehi, and 
the lymph nodes (Fig. 3.54). The lung fields, by virtue of 
the air they eontain, readily permit the passage of x-rays. 


For this reason, the lungs are more translneent on fnll 
inspiration than on expiration. The pnlmonary blood 
vessels are seen as a series of shadows radiating from 
the lung root. When seen end on, they appear as small, 
round, white shadows. The large bronehi, if seen end on, 
also east similar round shadows. The smaller bronehi are 
not seen. 

6. Mediastinum: The shadow is prodneed by the varions 
structures within the mediastinnm, snperimposed one 
on the other (Figs. 3.48 and 3.54). Note the ontline of the 
heart and great vessels. The transverse diameter of the 
heart should not exceed half the width of the thoraeie 
eage. Remember that on deep inspiration, when the dia- 
phragm deseends, the vertieal length of the heart inereases 
and the transverse diameter is narrowed. In infants, the 
heart is always wider and more globnlar in shape than in 
adults. 

The right border of the mediastinal shadow from above 
downward eonsists of the right braehioeephalie vein, the 
snperior vena eava, the right atrium, and sometimes the 
inferior vena eava (Figs. 3.54 and 3.55). The left border 
eonsists of a prominenee, the aortie knuckle, caused by the 
aortie areh; below this are the left margin of the pnlmonary 
trunk, the left anriele, and the left ventriele (Figs. 3.54 and 
3.55). The inferior border of the mediastinal shadow (lower 
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FIGLIRE 3.53 Computed tomography sean of the middle part of the thorax at the level of the sixth thoraeie vertebra. The see- 
tion is vievved from belovv. 


border of the heart) blends with the diaphragm and liver. 
Note the eardiophrenie angles. 

Right Oblique Radiograph 

A right oblique radiograph is obtained by rotating the 
patient so that the right anterior ehest wall is touching the 
eassette holder and the x-rays traverse the thorax from pos- 
terior to anterior in an oblique direetion (Figs. 3.56 and 
3.57). The heart shadow is largely made up by the right 
ventriele. A small part of the posterior border is formed by 
the right atrium. For hirther details of structures seen on 
this view, see Fignres 3.56 and 3.57. 

Left Oblique Radiograph 

A left oblique radiograph is obtained by rotation of the 
patient so that the left anterior ehest wall is tonehing the 


eassette holder and the x-rays traverse the thorax from pos- 
terior to anterior in an oblique direetion. The heart shadow 
is largely made up of the right ventriele anteriorly and the 
left ventriele posteriorly. Above the heart, the aortie areh 
and the pnlmonary trunk may be seen. 

An example of a left lateral radiograph of the ehest is 
shown in Fignres 3.58 and 3.59. 

Rronehography and Gontrast 
Visnahzation of the Esophagns 

Bronehography is a speeial study of the bronehial tree by 
means of the introdnetion of iodized oil or other eon- 
trast medium into a partienlar bronehns or bronehi, usu- 
ally under flnoroseopie eontrol. The eontrast media are 
nonirritating and snffieiently radiopaque to allow good 
visualization of the bronehi (Fig. 3.60). After the radio- 
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FIGURE 3.54 Posteroanterior radiograph of the ehest of a normal adult man. 
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FIGURE3.55 Ma in features observable in the posteroanterior radiograph of the ehest shovvn in Figure 3.54. Note the position 
of the patient in relation to the x-ray source and the eassette holder. 


graphie examination is eompleted, the patient is asked to 
cough and expectorate the eontrast medium. 

Gontrast visualization of the esophagus (Figs. 3.56 and 
3.58) is aeeomplished by giving the patient a ereamy paste 
of barium sulfate and water to swallow. The aortie areh 
and the left bronchus cause a smooth indentation on the 
anterior border of the barium-filled esophagus. This proee- 
dure ean also be used to outline the posterior border of the 
left atrium in a right oblique view. An enlarged left atrium 
causes a smooth indentation of the anterior border of the 
barium-filled esophagus. 

Goronary Angiography 

The eoronary arteries ean be visnalized by the introdnetion 
of radiopaque material into their lumen. Under finoroseopie 


eontrol, a long narrow eatheter is passed into the aseending 
aorta via the femoral artery in the leg. The tip of the eath- 
eter is eareftilly guided into the orifiee of a eoronary artery 
and a small amount of radiopaque material is injeeted to 
reveal the lumen of the artery and its branehes. The infor- 
mation ean be reeorded on radiographs (Fig. 3.61) or by 
eineradiography. Using this technique, pathologie narrow- 
ing or bloekage of a eoronary artery ean be identified. 

CT Seanning of the Thorax 

CT seanning relies on the same physies as eonventional 
x-rays but eombines it with eompnter teehnology. A 
source of x-rays moves in an are around the thorax and 
sends out a beam of x-rays. The beams of x-rays, having 
passed through the thoraeie wall and the thoraeie viseera, 

(continued on p. 112) 
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FIGURE3.56 Right oblique radiograph of the ehest of a normal adult man after a barium svvallovv. 
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FIGURE3.57 Ma in features observable in the right oblique radiograph of the ehest shovvn in Figure 3.56. Note the position of 
the patient in relation to the x-ray source and the eassette holder. 
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FIGURE3.58 Left lateral radiograph of the ehest of a normal adult man after a barium svvallovv. 
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FIGURE 3.59 Ma in features observable in a left lateral radiograph of the ehest shovvn in Figure 3.58. Note the position of the 
patient in relation to the x-ray source and the eassette holder. 
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FIGLIRE 3.60 Posteroanterior bronehogram of the ehest. 



A B 


FIGURE 3.61 Goronary angiograms. A. An area of extreme narrovving of the circumflex braneh of the left eoronary artery 
(vvhite arrovv). B.The same artery after percutaneous transluminal eoronary angioplasty. Inflation of the luminal balloon has 
dramatieally improved the area of stenosis (vvhite arrovv). 


are eonverted into eleetronie impnlses that prodnee read- 
ings of the density of the tissne in a 1-em sliee of the body. 
From these readings, the eompnter assembles a pietnre of 
the thorax ealled a CT sean, which ean be viewed on a fluo- 
reseent sereen and then photographed (Figs. 3.52 and 3.53). 


eiinieal Cases and Review Onestìons 



www.thePoint.lww.com/Snell9e. 














A 26-year-old man eomplaining of a painfol svvelling in the right groin vvas seen by his physi- 

eian; he had vomited four times in the previous 3 hours. On examination, he vvas dehydrated 
and his abdomen vvas moderately distended. A large, tense svvelling, vvhieh vvas very tender 
on palpation, vvas seen in the left groin and extended dovvn into the scrotum. An attempt to gently push 
the eontents of the svvelling baek into the abdomen vvas impossible. A diagnosis of a right eomplete, 
irreducible, indireet inguinal hernia vvas made. The vomiting and abdominal distention vvere seeondary 
to the intestinal obstruction caused by the herniation of some bovvel loops into the hernial sae. 

An indireet inguinal hernia is caused by a eongenital persistenee of a sae formed from the lining 
of the abdomen. This sae has a narrovv neek, and its eavity remains in free communication vvith the 
abdominal eavity. Hernias of the abdominal vvall are eommon. It is neeessary to knovv the anatomy of 
the abdomen in the region of the groin before one ean make a diagnosis or understand the different 
hernial types that ean exist. Moreover, vvithout this knovvledge, it is impossible to appreeiate the eom- 
plieations that ean occur or to plan treatment. A hernia may start as a simple svvelling, but it ean end as 
a life-threatening problem. 
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- Acute abdominal pain, abdominal svvellings, and blunt and 
penetrating trauma to the abdominal vvall are eommon problems 
faeing the physieian. The problems are eomplieated by the faet 
thatthe abdomen eontains multiple organ systems, and knovving 
the spatial relationships of these organs to one another and to 
the anterior abdominal vvall is essential before an accurate and 
eomplete diagnosis ean be made. 

■ The abdominal vvall is a flexible structure through vvhieh 
the physieian ean often feel diseased organs that lie vvithin 


the abdominal eavity. An intaet abdominal vvall is essential 
for the support of the abdominal eontents. A defeet or 
malfunction of the vvall ean allovv the abdominal eontents 
to bulge forvvard and form a hernia. The abdominal vvall 
provides the surgeon vvith a site for aeeess to deep-lying 
diseased structures. 

■ For the above reasons, the anatomy of the anterior abdominal 
vvall must be learned in detail. Because of its great elinieal 
importanee, examiners ask many questions in this area. 


Basig Anatomy 


The abdomen is the region of the trunk that lies between 
the diaphragm above and the inlet of the pelvis below. 

Structure of the Anterior 
Abdomìnal Wall 




e L 


N I e A L 


N 0 T E S 



infeetìon of the Unibìlìcus 

In the adult, the umbilicus often reeeives seant attention in the 
shovver and is consequently a eommon site of infeetion. 


The anterior abdominal wall is made up of skin, superficial 
faseia, deep faseia, muscles, extraperitoneal faseia, and pari- 
etal peritoneum. 



The skin is loosely attaehed to the underlying structures 
except at the umbilicus, where it is tethered to the sear 
tissue. The natural lines of eleavage in the skin are eon- 
stant and run downward and forward almost horizontally 
around the trunk. The nmbiliens is a sear representing the 
site of attaehment of the umbilical eord in the fetus; it is 
situated in the linea alba (see below). 



Surgìcal ineìsions 

If possible, all surgical ineisions should be made in the lines of 
eleavage vvhere the bundles of eollagen fibers in the dermis 
run in parallel rovvs. An ineision along a eleavage line vvill heal 
as a narrovv sear, vvhereas one that erosses the lines vvill heal 
as vvide or heaped-up sears. 

V___/ 


Nerve Supply 

The cutaneous nerve supply to the anterior abdominal 
wall is derived from the anterior rami of the lower six tho- 
raeie and the Ist lumbar nerves (see Fig. 4.16). The tho- 
raeie nerves are the lower five intereostal and the subcostal 
nerves; the Ist lumbar nerve is represented by the iliohy- 
pogastrie and the ilioinguinal nerves. 

The dermatome of T7 is loeated in the epigastrinm 
over the xiphoid proeess. The dermatome of TIO 
includes the umbilicus and that of L1 lies just above the 
inguinal ligament and the symphysis pubis. The dermat- 
omes and distribution of cutaneous nerves are shown in 
Figure 4.16. 

Blood Supply 

Arteries 

The skin near the midline is snpplied by branehes of the 
superior and inferior epigastrie arteries. The skin of the 
fianks is supplied by branehes of the intereostal, lumbar, 
and deep circumfiex iliae arteries (see Fig. 4.15). In addi- 
tion, the skin in the inguinal region is supplied by the 
superficial epigastrie, the superficial circumflex iliae, and 
the superficial external pudendal arteries, branehes of the 
femoral artery. 
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Veins 

The venous drainage passes above mainly into the axillary 
vein via the lateral thoraeie vein and below into the femo- 
ral vein via the superficial epigastrie and the great saphenons 
veins (see Fig. 4.18). 

Superficial Faseia 

The snperfieial faseia is divided into a snperfieial fatty 
layer (faseia of Gamper) and a deep membranous layer 
(Searpa’s faseia) (Fig. 4.1). The fatty layer is continuous 
with the superficial fat over the rest of the body and may 
be extremely thiek (3 in. [8 em] or more in obese patients). 
The membranons layer is thin and fades out laterally and 
above, where it beeomes continuous with the superficial 
faseia of the baek and the thorax, respeetively. Inferiorly, the 
membranons layer passes onto the front of the thigh, where 
it fiises with the deep faseia one fingerbreadth below the 
ingninal ligament. In the midline inferiorly, the membra- 
nous layer of faseia is not attaehed to the pubis but forms a 
tubular sheath for the penis (or elitoris). Below in the peri- 
neum, it enters the wall of the serotnm (or labia majora). 
From there, it passes to be attaehed on eaeh side to the mar- 
gins of the pubic areh; it is here referred to as Golles’ faseia. 
Posteriorly, it fiises with the perineal body and the posterior 
margin of the perineal membrane (see Fig. 4.1B). 

In the serotnm, the fatty layer of the snperfieial faseia 
is represented as a thin layer of smooth muscle, the dar- 
tos muscle. The membranous layer of the superficial faseia 
persists as a separate layer. 

Deep Faseia 

The deep faseia in the anterior abdominal wall is merely a thin 
layer of eonneetive tissue eovering the mnseles; it lies immedi- 
ately deep to the membranons layer of snperfieial faseia. 



Membranous Layer of Superficial Faseia 
and the Extravasation of Urine 

The membranous layer of the superficial faseia is important 
elinieally because beneath it is a potential elosed spaee that 
does not open into the thigh but is continuous with the super- 
fieial perineal pouch via the penis and scrotum. Rupture of the 
penile urethra may be followed by extravasation of urine into 
the scrotum, perineum, and penis and then up into the lower 
part of the anterior abdominal wall deep to the membranous 
layer of faseia. The urine is excluded from the thigh because 
of the attaehment of the faseia to the faseia lata (see Fig. 4.1). 

When elosing abdominal wounds, it is usual for a surgeon 
to put in a continuous suture uniting the divided membra- 
nous layer of superficial faseia. This strengthens the healing 
wound, prevents stretehing of the skin sear, and makes for a 
more eosmetieally aeeeptable result. 


Muscles of the Anterior Abdominal Wall 

The muscles of the anterior abdominal wall eonsist of 
three broad thin sheets that are aponeurotic in front; from 
exterior to interior they are the external oblique, internal 
oblique, and transversns (Fig. 4.2). On either side of the 
midline anteriorly is, in addition, a wide vertieal mus- 
ele, the rectus abdominis (Fig. 4.3). As the aponenroses 
of the three sheets pass forward, they enelose the rectus 
abdominis to form the rectus sheath. The lower part of 
the rectus sheath might eontain a small muscle ealled the 
pyramidalis. 
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FIGURE 4.1 A. Arrangement of the fatty layer and the membranous layer of the superficial faseia in the lovver part of the 
anterior abdominal wall. Note the line of fusion between the membranous layer and the deep faseia of the thigh (faseia lata). 
B. Note the attaehment of the membranous layer to the posterior margin of the perineal membrane. Arrows indieate paths 
taken by urine in eases of ruptured urethra. 
































116 CHAPTER4 The Abdomen: Part I—The Abdominal Wall 


external oblique nnuscle 


superficial 
inguinal ring 



internal oblique nnuscle 


iliae erest 


inguinal 


ligament 


tubercle 



transversus 
muscle 


lumbar faseia 



lumbar faseia 


inguinal ligament 


FIGURE 4.2 External oblique, internal oblique, and transversus nnuscles of the anterior abdonninal wall 



General Appearanees of the Abdomìnal Wall 

The normal abdominal wall is soft and pliable and undergoes 
inward and outward excursion with respiration. The contour is 
subject to eonsiderable variation and depends on the tone of 
its muscles and the amount of fat in the subcutaneous tissue. 
VVell-developed muscles or an abundance of fat ean prove to 
be a severe obstaele to the palpation of the abdominal viseera. 

V___ J 


External Oblique 

The external oblique muscle is a broad, thin, muscular 
sheet that arises from the outer surfaces of the lower eight 
ribs and fans out to be inserted into the xiphoid proeess, the 
linea alba, the pubic erest, the pubic tubercle, and the ante- 
rior half of the iliae erest (see Fig. 4.2). Most of the fibers 
are inserted by means of a broad aponenrosis. Note that the 
most posterior fibers passing down to the iliae erest form a 
posterior free border. 

A triangular-shaped defeet in the external oblique 
aponeurosis lies immediately above and medial to the pubic 
tubercle. This is known as the superficial inguinal ring (see 
Figs. 4.2 and 4.3). The spermatie eord (or round ligament 
of the uterus) passes through this opening and earries the 
external spermatie faseia (or the external eovering of the 
round ligament of the uterus) from the margins of the ring 
(Figs. 4.4 and 4.5). 

Between the anterior snperior iliae spine and the pubic 
tubercle, the lower border of the aponeurosis is folded baek- 
ward on itself, forming the ingninal ligament (Figs. 4.2 and 
4.6). From the medial end of the ligament, the laennar liga- 
ment extends backward and upward to the peetineal line 
on the snperior ramus of the pubis (see Fig. 4.6). Its sharp, 
free ereseentie edge forms the medial margin of the femo- 
ral ring (see page 460). On reaehing the peetineal line, the 


laennar ligament beeomes continuous with a thiekening of 
the periostenm ealled the peetineal ligament (see Fig. 4.6). 

The lateral part of the posterior edge of the ingninal lig- 
ament gives origin to part of the internal oblique and trans- 
versus abdominis mnseles. To the inferior ronnded border 
of the ingninal ligament is attaehed the deep faseia of the 
thigh, the faseia lata (see Fig. 4.1). 
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FIGURE 4.3 Anterior view of the rectus abdominis muscle 
and the rectus sheath. Left.The anterior wall of the sheath 
has been partly removed, revealing the rectus muscle with 
its tendinous interseetions. Right.The posterior wall of the 
rectus sheath is shown.The edge of the arcuate line is 
shown at the level of the anterior superior iliae spine. 
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FIGLIRE 4.4 A. Continuity of the different layers of the anterior abdominal vvall vvith eoverings of the spermatie eord. B.The 
skin and superficial faseia of the abdominal vvall and scrotum have been included, and the tunica vaginalis is shovvn. 
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FIGURE4.5 Scrotum disseeted from in front. Note the 
spermatie eord and its eoverings. 


Internal Oblique 

The internal oblique muscle is also a broad, thin, muscu- 
lar sheet that lies deep to the external oblique; most of its 
fibers run at right angles to those of the external oblique 
(see Fig. 4.2). It arises from the lumbar faseia, the anterior 
two thirds of the iliae erest, and the lateral two thirds of the 
ingninal ligament. The muscle fibers radiate as they pass 
upward and forward. The muscle is inserted into the lower 
borders of the lower three ribs and their eostal eartilages, 
the xiphoid proeess, the linea alba, and the symphysis pubis. 
The internal oblique has a lower free border that arehes 
over the spermatie eord (or round ligament of the uterus) 
and then deseends behind it to be attaehed to the pubic 
erest and the peetineal line. Near their insertion, the low- 
est tendinons fibers are joined by similar fibers from the 
transversns abdominis to form the eonjoint tendon (Figs. 
4.7 and 4.8). The eonjoint tendon is attaehed medially to 
the linea alba, but it has a lateral free border. 

As the spermatie eord (or round ligament of the uterus) 
passes under the lower border of the internal oblique, it earries 
with it some of the muscle fibers that are ealled the eremaster 
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FIGURE4.6 Bony pelvis vievved from above. Note the attaehments of the inguinal, lacunar, and peetineal ligaments. 
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FIGURE 4.7 Anterior vievv of the pelvis shovving the attaehment of the eonjoint tendon to the pubic erest and the adjoining 
part of the peetineal line. 
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FIGURE 4.8 Ingyinal eanal shovving the arrangement of the external oblique muscle (A), the internal oblique muscle (B), the 
transversus muscle (C), and the faseia transversalis (D). Note that the anterior vvall of the eanal is formed by the extemal 
oblique and the internal oblique and the posterior vvall is formed by the faseia transversalis and the eonjoint tendon.The deep 
inguinal ring lies lateral to the inferior epigastrie artery. 
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muscle (see Figs. 4.7 and 4.8). The eremasterie faseia is the 
term used to deseribe the eremaster muscle and its faseia. 

Transversus 

The transversns muscle is a thin sheet of muscle that lies deep 
to the internal oblique, and its fibers run horizontally for- 
ward (see Fig. 4.2). It arises from the deep snrfaee of the lower 
six eostal eartilages (interdigitating with the diaphragm), 
the lumbar faseia, the anterior two thirds of the iliae erest, 
and the lateral third of the ingninal ligament. It is inserted 
into the xiphoid proeess, the linea alba, and the symphysis 
pubis. The lowest tendinous fibers join similar fibers from the 
internal oblique to form the eonjoint tendon, which is fixed 
to the pubic erest and the peetineal line (see Figs. 4.7 and 4.8). 

Note that the posterior border of the external oblique 
muscle is free, whereas the posterior borders of the inter- 
nal oblique and the transversns mnseles are attaehed to the 
lumbar vertebrae by the lumbar faseia (Figs. 4.2 and 4.9). 

Rectus Abdominis 

The rectus abdominis is a long strap muscle that extends 
along the whole length of the anterior abdominal wall. It is 
broader above and lies elose to the midline, being separated 
from its fellow by the linea alba. 

The rectus abdominis muscle arises by two heads, from 
the front of the symphysis pubis and from the pubic erest 


(Figs. 4.6 and 4.10). It is inserted into the 5th, 6th, and 7th 
eostal eartilages and the xiphoid proeess (see Fig. 4.3). When 
it eontraets, its lateral margin forms a curved ridge that ean 
be palpated and often seen and is termed the linea semilu- 
naris (Figs. 4.3,4.11, and 4.12). This extends from the tip of 
the ninth eostal eartilage to the pubic tubercle. 

The rectus abdominis muscle is divided into distinet 
segments by three transverse tendinons interseetions: 
one at the level of the xiphoid proeess, one at the level of 
the umbilicus, and one halfsvay between these two (see 
Fig. 4.3). These interseetions are strongly attaehed to the 
anterior wall of the rectus sheath (see below). 

The rectus abdominis is enelosed between the aponeu- 
roses of the external oblique, internal oblique, and trans- 
versus, which form the rectus sheath. 

Pyramidalis 

The pyramidalis muscle is often absent. It arises by its base 
from the anterior snrfaee of the pubis and is inserted into 
the linea alba (see Fig. 4.3). It lies in front of the lower part 
of the rectus abdominis. 

Rectus Sheath 

The rectus sheath is a long fibrons sheath that eneloses 
the rectus abdominis muscle and pyramidalis muscle (if 
present) and eontains the anterior rami of the lower six 
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FIGIJRE 4.9 Gross seetion of the abdomen shovving the courses of the lovver thoraeie and first lumbar nerves 
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FIGURE 4.10 Rectus sheath in anterior vievv (A) and in sagittal seetion (B). Note the arrangement of the aponeuroses forming 
the rectus sheath. 
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FIGURE 4.11 Anterior abdominal vvall of a 27-year-old man. 


thoraeie nerves and the snperior and inferior epigastrie ves- 
sels and lymph vessels. It is formed mainly by the aponen- 
roses of the three lateral abdominal mnseles (see Figs. 4.2, 
4.3, and 4.10). 

For ease of deseription, the reetns sheath is eonsidered at 
three levels (Fig. 4.13). 


■ Above the eostal margin, the anterior wall is formed by 
the aponenrosis of the external oblique. The posterior 
wall is formed by the thoraeie wall—that is, the 5th, 6th 
and 7th eostal eartilages and the intereostal spaees. 

■ Between the eostal margin and the level of the ante- 
rior superior iliae spine, the aponenrosis of the internal 
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FIGURE 4.12 Surface landmarks and regions of the anterior abdominal vvall. 
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FIGURE 4.13 Transverse seetions of the rectus sheath seen at three levels. A. Above the eostal margin. B. Betvveen the eostal 
margin and the level of the anterior superior iliae spine. C. Belovv the level of the antehor superior iliae spine and above the pubis. 



oblique splits to enelose the rectus muscle; the external 
oblique aponeurosis is direeted in front of the muscle, and 
the transversns aponenrosis is direeted behind the muscle. 

■ Between the level of the anterosnperior iliae spine and 
the pubis, the aponeuroses of all three muscles form the 


anterior wall. The posterior wall is absent, and the rectus 
muscle lies in eontaet with the faseia transversalis. 

It should be noted that where the aponenroses forming the 
posterior wall pass in front of the rectus at the level of the 
anterior snperior iliae spine, the posterior wall has a free. 
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curved lower border ealled the arcuate line (see Figs. 4.3 
and 4.10). At this site, the inferior epigastrie vessels enter 
the rectus sheath and pass upward to anastomose with the 
snperior epigastrie vessels. 

The rectus sheath is separated from its fellow on the 
opposite side by a fibrons band ealled the linea alba (see 
Figs. 4.3, 4.7, and 4.13). This extends from the xiphoid 
proeess down to the symphysis pubis and is formed by 
the fusion of the aponenroses of the lateral mnseles of the 
two sides. Wider above the umbilicus, it narrows down 
below the umbilicus to be attaehed to the symphysis 
pubis. 

The posterior wall of the rectus sheath is not attaehed 
to the rectus abdominis muscle. The anterior wall is firmly 
attaehed to it by the muscle s tendinous interseetions (see 
Figs. 4.3 and 4.10). 




e L I N I e A L N 0 T E S 


Hematoma of the Reetos Sheath 

Hematoma of the rectus sheath is uncommon but important, 
sinee it is often overlooked. It occurs most often on the right 
side belovvthe level of the umbilicus. The source of the bleed- 
ing is the inferior epigastrie vein or, more rarely, the inferior 
epigastrie artery. These vessels may be stretehed during a 
severe bout of coughing or in the later months of pregnaney, 
vvhieh may predispose to the eondition. The cause is usually 
blunt trauma to the abdominal vvall, such as a fall or a kiek. 
The symptoms that follovv the trauma include midline abdomi- 
nal pain. An acutely tender mass eonfined to one rectus 
sheath is diagnostie. 

V___ J 


Function of the Anterior Abdonninal Wall Muscles 

The oblique muscles laterally fiex and rotate the trunk (Fig. 
4.14). The rectus abdominis fiexes the trunk and stabilizes 
the pelvis, and the pyramidalis keeps the linea alba taut 
during the proeess. 

The mnseles of the anterior and lateral abdominal walls 
assist the diaphragm during inspiration by relaxing as the 
diaphragm deseends so that the abdominal viseera ean be 
aeeommodated. 

The mnseles assist in the aet of foreed expiration that 
occurs during eonghing and sneezing by pnlling down the 
ribs and sternnm. Their tone plays an important part in sup- 
porting and proteeting the abdominal viseera. By eontraeting 
simultaneously with the diaphragm, with the glottis of the 
larynx elosed, they inerease the intra-abdominal pressnre and 
help in mietnrition, defeeation, vomiting, and partnrition. 

Nerve Supply of Anterìor Abdominal Wall 
Muscles 

The oblique and transversns abdominis mnseles are sup- 
plied by the lower six thoraeie nerves and the iliohypogastrie 
and ilioingninal nerves (Ll). The rectus muscle is supplied 
by the lower six thoraeie nerves (Figs. 4.9 and 4.15). The 
pyramidalis is snpplied by the 12th thoraeie nerve. 

A snmmary of the mnseles of the anterior abdominal 
wall, their nerve supply, and their aetion is given in Table 4.1. 

Faseia Transversalis 

The faseia transversalis is a thin layer of faseia that lines 
the transversns abdominis muscle and is continuous with 
a similar layer lining the diaphragm and the iliaens muscle 
(see Fig. 4.10). 

The femoral sheath for the femoral vessels in the lower 
limbs is formed from the faseia transversalis and the faseia 
iliaea that eovers the iliaens muscle (see page 460). 
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FIGLIRE 4.14 Aetion of the muscles of the anterior and 
lateral abdominal vvalls. Arrovvs indieate line of pull of 
different muscles. 


FIGURE 4.15 Segmental innervation of the anterior abdomi- 
nal vvall (left) and arterial supply to the anterior abdominal 
vvall (right). 
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TABLE 4.1 


Name of Muscle 


■ Muscles of the Anterior Abdominal Wall 

Origin Insertion Nerve Supply 


Aetion 



External oblique Lovver eight ribs 


Xiphoid proeess, linea 
alba, pubic erest, 
pubic tubercle, iliae 
erest 


Lovver six thoraeie nerves 
and iliohypogastrie and 
ilioinguinal nerves (L1) 


Internal oblique 


Transversus 


Rectus 

abdominis 


Lumbar faseia, iliae erest, 
lateral tvvo thirds of 
inguinal ligament 


Lovver six eostal earti- 
lages, lumbar faseia, 
iliae erest, lateral third 
of inguinal ligament 

Symphysis pubis and 
pubic erest 


Lovver three ribs and 
eostal eartilages, 
xiphoid proeess, 
linea alba, 
symphysis pubis 

Xiphoid proeess, linea 
alba, symphysis 
pubis 

5th, 6th and 7th eostal 
eartilages and 
xiphoid proeess 


Lovver sixthoracic nerves 
and iliohypogastrie and 
ilioinguinal nerves (L1) 


Lovver sixthoracic nerves 
and iliohypogastrie and 
ilioinguinal nerves (L1) 

Lovver sixthoracic nerves 


Pyramidalis 
(if present) 


Anterior surface of pubis Linea alba 


12th thoraeie nerve 


Supports abdominal eontents; 
eompresses abdominal 
eontents; assists in flex- 
ing and rotation of trunk; 
assists in foreed expiration, 
micturition, defeeation, 
parturition, and vomiting 

As above 


Gompresses abdominal 
eontents 


Gompresses abdominal eon- 
tents and flexes vertebral 
column; aeeessory muscle 
of expiration 

Tenses the linea alba 


Extraperitoneal Fat 

The extraperitoneal fat is a thin layer of eonneetive tissne that 
eontains a variable amonnt of fat and lies between the faseia 
transversalis and the parietal peritonenm (see Fig. 4.10). 



e L 


N I e A L 


N 0 T E S 



Abdomínal Mnseles, Abdomínothoraeíe Rhythm, 
and Víseeroptosís 

The abdominal muscles eontraet and relax vvith respiration, 
andthe abdominal vvall eonformsto the volume ofthe abdomi- 
nal viseera. There is an abdominothoraeie rhythm. Normally, 
during inspiration, vvhen the sternum moves forvvard and the 
ehest expands, the anterior abdominal vvall also moves for- 
vvard. If, vvhen the ehest expands, the anterior abdominal vvall 
remains stationary or eontraets invvard, it is highly probable 
that the parietal peritoneum is inflamed and has caused a 
reflex eontraetion of the abdominal muscles. 

The shape of the anterior abdominal vvall depends on the 
tone of its muscles. A middle-aged vvoman vvith poor abdomi- 
nal muscles vvho has had multiple pregnaneies is often inea- 
pable of supporting her abdominal viseera. The lovver part of 
the anterior abdominal vvall protrudes forvvard, a eondition 
knovvn as viseeroptosis. This should not be confused vvith an 
abdominal tumor such as an ovarian eyst or vvith the exces- 
sive accumulation of fat in the fatty layer of the superficial 
faseia. 


Parietal Peritoneum 

The walls of the abdomen are lined with parietal perito- 
neum (see Fig. 4.10). This is a thin serous membrane and is 
continuous below with the parietal peritoneum lining the 
pelvis (see pages 278 and 296). 

Nerves of the Anterior Abdominal Wall 

The nerves of the anterior abdominal wall are the ante- 
rior rami of the lower six thoraeie and the Ist lumbar 
nerves (Figs. 4.9, 4.15, and 4.16). They pass forward in 
the interval between the internal oblique and the trans- 
versus muscles. The thoraeie nerves are the lower fìve 
intereostal nerves and the subcostal nerves, and the Ist 
lumbar nerve is represented by the iliohypogastrie and 
ilioingninal nerves, branehes of the lumbar plexus. They 
supply the skin of the anterior abdominal wall, the mus- 
eles, and the parietal peritoneum. (Gompare with the 
intereostal nerves, which run forward in the intereostal 
spaees between the internal intereostal and the innermost 
intereostal mnseles; see page 41). The lower six thoraeie 
nerves pieree the posterior wall of the rectus sheath to 
supply the rectus muscle and the pyramidalis (T12 only). 
They terminate by piereing the anterior wall of the sheath 
and supplying the skin. 

The Ist lumbar nerve has a similar course, but it does 
not enter the rectus sheath (see Figs. 4.9, 4.15, and 4.16). It 
is represented by the iliohypogastrie nerve, which pierees 
the external oblique aponeurosis above the superficial 
inguinal ring, and by the ilioinguinal nerve, which emerges 
through the ring. They end by supplying the skin just above 
the inguinal ligament and symphysis pubis. 













BasieAnatomy 125 



Abdomìnal Paìn 

See also page 22 


Mnsele Rigidity and Referred Pain 

Sometimes, it is diffieolt for a physieian to deeide vvhether the 
moseles of the anterior abdominal vvall of a patient are rigid 
beeaose of onderlying inflammation of the parietal peritoneom 
or vvhether the patient is volontarily eontraeting the moseles 
beeaose he or she resents being examined or beeaose the 
physieian's hand is eold. This problem is usually easily solved 
by asking the patient, vvho is lying supine on the examination 
table, to rest the arms by the sides and dravv up the knees to 
flexthe hip joints. It is praetieally impossible for a patientto keep 
the abdominal musculature tensed vvhen the thighs are flexed. 
Needless to say, the examiner's hand should be vvarm. 

A pleurisy involving the lovver eostal parietal pleura causes 
pain in the overlying skin that may radiate dovvn into the abdo- 
men. Although it is unlikely to cause rigidity of the abdominal 
muscles, it may cause confusion in making a diagnosis unless 
these anatomie faets are remembered. 

It is useful to remember the follovving: 

Dermatomes over: 



The xiphoid proeess: T7 
The umbilicus: T10 
The pubis: L1 



Anterìor Abdomìnal Nerve Bloek 
Area of Anesthesia 

The area of anesthesia isthe skin of the anterior abdominal vvall. 
The nerves of the anterior and lateral abdominal vvalls are the 
anterior rami of the 7th through the 12th thoraeie nerves and the 
Ist lumbar nerve (ilioinguinal and iliohypogastrie nerves). 

indieations 

An anterior abdominal nerve bloek is performed to repair 
laeerations of the anterior abdominal vvall. 


Proeednre 

The anterior ends of intereostal nerves T7 through T11 enter 
the abdominal vvall by passing posterior to the eostal eartilages 
(Fig. 4.16). An abdominal field bloek is most easily earried out 
along the lovver border of the eostal margin and then infiltrating 
the nerves as they emerge betvveen the xiphoid proeess and the 
lOth or 11th rib along the eostal margin. 

The ilioinguinal nerve passes forvvard in the inguinal eanal 
and emerges through the superficial inguinal ring. The iliohypo- 
gastrie nerve passes forvvard around the abdominal vvall and 
pierees the external oblique aponeurosis above the superficial 
inguinal ring. The tvvo nerves are easily bloeked by inserting the 
anesthetie needle 1 in. (2.5 em) above the anterior superior iliae 
spine on the spinoumbilical line (see Fig. 4.17). 


The dermatome of T7 is loeated in the epigastrinm over 
the xiphoid proeess, that of TIO inelndes the nmbiliens, 
and that of L1 lies just above the inguinal ligament and 
the symphysis pubis. For the dermatomes of the anterior 
abdominal wall, see Figure 4.16. 

Arteries of the Anterior Abdominal Wall 

The superíor epigastrie artery, one of the terminal branehes 
of the internal thoraeie artery, enters the upper part of the 
rectus sheath between the sternal and eostal origins of the 
diaphragm (see Fig. 4.15). It deseends behind the rectus mus- 
ele, supplying the upper eentral part of the anterior abdomi- 
nal waU, and anastomoses with the inferior epigastrie artery. 

The inferior epigastrie artery is a braneh of the external 
iliae artery just above the inguinal ligament. It runs upward 
and medially along the medial side of the deep ingninal ring 
(see Figs. 4.4,4.8, and 4.15). It pierees the faseia transversa- 
lis to enter the rectus sheath anterior to the arenate line (see 
Fig. 4.10). It aseends behind the rectus muscle, supplying 
the lower eentral part of the anterior abdominal wall, and 
anastomoses with the snperior epigastrie artery. 

The deep circumflex iliae artery is a braneh of the exter- 
nal iliae artery just above the inguinal ligament (see Fig. 
4.15). It runs upward and laterally toward the anterosnpe- 
rior iliae spine and then eontinnes along the iliae erest. It 
snpplies the lower lateral part of the abdominal wall. 

The lower two posterior intereostal arteries, branehes of 
the deseending thoraeie aorta, and the four lumbar arteries, 
branehes of the abdominal aorta, pass forward between the 
muscle layers and supply the lateral part of the abdominal 
wall (see Fig. 4.15). 


Veins of the Anterior Abdominal Wall 

Superficial Veins 

The snperfieial veins form a network that radiates out from 
the umbilicus (see Fig. 4.18). Above, the network is drained 
into the axillary vein via the lateral thoraeie vein and, below. 
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FIGURE 4.16 Dermatomes and distribution of cutaneous 
nerves on the anterior abdominal wall. 
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FIGURE 4.17 Anterior abdominal vvall nerve bloeks. T7 
thoughT11 are bloeked (X) as they emerge from beneath 
the eostal margin.The iliohypogastrie ilioinguinal nerves are 
bloeked by inserting the needle about 1 in. (2.5 em) above 
the anterior superior iliae spine on the spinoumbilical line 
(X).The terminal branehes of the genitofemoral nerve are 
bloeked by inserting the needle through the skin just lateral 
to the pubic tubercle and infiltrating the subcutaneous tis- 
sue vvith anesthetie solution (X). 


into the femoral vein via the snperfieial epigastrie and great 
saphenons veins. A few small veins, the paraumbilical 
veins, eonneet the network throngh the nmbiliens and 
along the ligamentnm teres to the portal vein. This forms 
an important portal-systemie venons anastomosis. 



Gaval Obstmetìon 

If the superior or inferior vena eava is obstructed, the venous 
blood causes distention of the veins running from the anterior 
ehest wall to the thigh. The lateral thoraeie vein anastomo- 
ses with the superficial epigastrie vein, a tributary of the great 
saphenous vein of the leg. In these circumstances, a tortuous 
varieose vein may extend from the axilla to the lower abdomen 
(see Fig. 4.18). 


Deep Veins 

The deep veins of the abdominal wall, the snperior epi- 
gastrie, inferior epigastrie, and deep circumflex iliae veins, 
follow the arteries of the same name and drain into the 
internal thoraeie and external iliae veins. The posterior 
intereostal veins drain into the azygos veins, and the lum- 
bar veins drain into the inferior vena eava. 



Portal Vein Obstrnetion 

In eases of portal vein obstruction (see Fig. 4.19), the super- 
fieial veins around the umbilicus and the paraumbilical veins 
beeome grossly distended. The distended subcutaneous veins 
radiate out from the umbilicus, producing in severe eases the 
elinieal picture referred to as caput medusae. 


lateral thoraeie vein 


lumbar veins 


portal vein in porta hepatis 



superficial epigastrie vein 


paraumbilical veins 


varieosed vein 


FIGURE 4.18 Superficial veins of the anterior abdominal 
vvall. On the /eff are anastomoses betvveen systemie veins 
and the portal vein via paraumbilical veins. Arrovvs indieate 
the direetion taken by venous blood vvhen the portal vein 
is obstructed. On the rightìs an enlarged anastomosis 
betvveen the lateral thoraeie vein and the superficial 
epigastrie vein.This occurs if either the superior or the 
interior vena eava is obstructed. 
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FIGLIRE 4.19 Lymph drainage of the skin of the anterior and posterior abdominal vvalls. Also shovvn is an example of caput 
medusae in a ease of portal obstmetion caused by eirrhosis of the liver. 


Lymph Drainage of the Anterior Abdominal Wall 

Superficial Lymph Vessels 

The lymph drainage of the skin of the anterior abdominal 
wall above the level of the nmbiliens is upward to the ante- 
rior axillary (peetoral) group of nodes, which ean be pal- 
pated just beneath the lower border of the peetoralis major 
muscle. Below the level of the umbilicus, the lymph drains 
downward and laterally to the snperfieial ingninal nodes 
(Fig. 4.19). The lymph of the skin of the baek above the 
level of the iliae erests is drained upward to the posterior 
axillary group of nodes, palpated on the posterior wall of 
the axilla; below the level of the iliae erests, it drains down- 
ward to the snperfieial inguinal nodes (see Fig. 4.19). 



Skìn and ìts Regìonal Lymph Nodes 

Knovvledge of the areas of the skin that drain into a partieolar 
group of lymph nodes is elinieally important. For example, it is 
possible to find a svvelling in the groin (enlarged superficial 
inguinal node) caused by an infeetion or malignant tumor of 
the skin of the lovver partof the anterior abdominal vvall orthat 
of the buttock. 

\_ J 


Deep LymphVessels 

The deep lymph vessels follow the arteries and drain into 
the internal thoraeie, external iliae, posterior mediastinal, 
and para-aortie (lumbar) nodes. 

Ingmnal Ganal 

The ingninal eanal is an oblique passage through the lower 
part of the anterior abdominal wall. In the males, it allows 
structures to pass to and from the testis to the abdomen. In 


females, it allows the round ligament of the uterus to pass 
from the uterus to the labium majus. 

The eanal is about 1.5 in. (4 em) long in the adult and 
extends ífom the deep ingninal ring, a hole in the faseia trans- 
versalis (see page 137), downward and medially to the super- 
fieial inguinal ring, a hole in the aponenrosis of the external 
oblique muscle (see Figs. 4.3 and 4.8). It lies paraliel to and 
immediately above the ingninal ligament. In the newborn 
ehild, the deep ring lies almost direetly posterior to the super- 
fieial ring so that the eanal is eonsiderably shorter at this age. 
Later, as the result of growth, the deep ring moves laterally. 

The deep inguinal ring,"^ an oval opening in the faseia 
transversalis, lies about 0.5 in. (1.3 em) above the ingninal 
ligament midway between the anterior snperior iliae spine 
and the symphysis pubis (see Figs. 4.4 and 4.8). Related to 
it medially are the inferior epigastrie vessels, which pass 
upward from the external iliae vessels. The margins of the 
ring give attaehment to the internal spermatie faseia (or 
the internal eovering of the round ligament of the uterus). 

The superficial inguinal ring'" is a triangular-shaped defeet 
in the aponenrosis of the external oblique muscle and lies 
immediately above and medial to the pubic tubercle (see Figs. 
4.3, 4.5, and 4.8). The margins of the ring, sometimes ealled 
the crura, give attaehment to the external spermatie faseia. 

Walls of the lnguinal Ganal 

Anterior wall. External oblique aponeurosis, reinforeed 
laterally by the origin of the internal oblique from the 
inguinal ligament (see Figs. 4.3 and 4.8). This wall is 
therefore strongest where it lies opposite the weakest 
part of the posterior wall, namely, the deep ingninal ring. 

eommon frnstration for medieal stndents is the inability to observe these 
rings as openings. One must remember that the internal spermatie faseia is 
attaehed to the margins of the deep inguinal ring and the external spermatie 
faseia is attaehed to the margins of the snperfieial ingninal ring so that the 
edges of the rings eannot be observed externally. Gompare this arrangement 
with the openings for the fingers seen inside a glove with the absenee of 
openings for the fingers when the glove is viewed from the ontside. 
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Posterior wall. Gonjoint tendon medially, faseia transver- 
salis laterally (see Figs. 4.4 and 4.8). This wall is therefore 
strongest where it lies opposite the weakest part of the 
anterior wall, namely, the snperfieial ingninal ring. 

Roof or superior wall. Arehing lowest fibers of the internal 
oblique and transversus abdominis mnseles (see Fig. 4.7). 
Floor or inferior wall. Upturned lower edge of the ingui- 
nal ligament and, at its medial end, the laennar ligament 
(see Fig. 4.7). 

Function of the lnguinal Canal 

The ingninal eanal allows structures of the spermatie eord 
to pass to and from the testis to the abdomen in the male. 
(Normal spermatogenesis takes plaee only if the testis leaves 
the abdominal eavity to enter a eooler environment in the 
serotnm.) In the female, the smaller eanal permits the pas- 
sage of the round ligament of the uterus from the uterus to 
the labium majus. 

Meehanies of the lnguinal Canal 

The inguinal eanal in the lower part of the anterior abdom- 
inal wall is a site of potential weakness in both sexes. It is 
interesting to eonsider how the design of this eanal attempts 
to lessen this weakness. 

1 . Except in the newborn infant, the eanal is an oblique 
passage with the weakest areas, namely, the snperfieial 
and deep rings, lying some distanee apart. 

2 . The anterior wall of the eanal is reinforeed by the fibers 
of the internal oblique muscle immediately in front of 
the deep ring. 

3. The posterior wall of the eanal is reinforeed by the strong 
eonjoint tendon immediately behind the snperfieial ring. 

4. On eonghing and straining, as in mietnrition, defeea- 
tion, and partnrition, the arehing lowest fibers of the 
internal oblique and transversns abdominis mnseles 
eontraet, fiattening out the arehed roof so that it is low- 
ered toward the fioor. The roof may actually eompress 
the eontents of the eanal against the fioor so that the 
eanal is virtnally elosed (Fig. 4.20). 

5. When great straining efforts may be neeessary, as in def- 
eeation and partnrition, the person natnrally tends to 
assume the squatting position; the hip joints are fiexed, 
and the anterior snrfaees of the thighs are bronght up 
against the anterior abdominal wall. By this means, the 
lower part of the anterior abdominal wall is proteeted by 
the thighs (see Fig. 4.20). 

Spermatie Cord 

The spermatie eord is a eolleetion of structures that 
pass through the inguinal eanal to and from the testis 
(Fig. 4.21). It begins at the deep inguinal ring lateral to the 
inferior epigastrie artery and ends at the testis. 

Structures of the Spermatie Cord 

The structures are as follows: 

■ Vas deferens 

■ Testienlar artery 

■ Testienlar veins (pampiniform plexus) 

■ Testicular lymph vessels 
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FIGURE 4.20 Aetion of the muscles on the inguinal eanal. 
Note that the eanal is "obliterated" when the muscles 
eontraet. Note also that the anterior surface of the thigh 
proteets the inguinal region when one assumes the squat- 
ting position. 


■ Autonomic nerves 

■ Remains of the proeessns vaginalis 

■ Genital braneh of the genitofemoral nerve, which sup- 
plies the eremaster muscle 

Vas Deferens (Ductus Deferens) 

The vas deferens is a eordlike structure (see Figs. 4.5 and 4.21) 
that ean be palpated between finger and thumb in the upper 
part of the scrotum. It is a thick-walled muscular duct that 
transports spermatozoa from the epididymis to the nrethra. 

Testicular Artery 

A braneh of the abdominal aorta (at the level of the 2nd 
lumbar vertebra), the testicular artery is long and slender 
and deseends on the posterior abdominal wall. It traverses 
the ingninal eanal and snpplies the testis and the epididymis 
(see Fig. 4.21). 

Testicular Veins 

An extensive venous plexus, the pampiniform plexus, 
leaves the posterior border of the testis (see Fig. 4.21). As 
the plexus aseends, it beeomes redneed in size so that at 
about the level of the deep inguinal ring, a single testienlar 
vein is formed. This runs up on the posterior abdominal 
wall and drains into the left renal vein on the left side and 
into the inferior vena eava on the right side. 
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FIGLIRE 4.21 Testis and epididymis, spermatie eord, and scrotum. Also shovvn are the testis and epididymis cut aeross in 
horizontal seetion. 


Lymph Vessels 

The testicular lymph vessels aseend through the inguinal 
eanal and pass up over the posterior abdominal wall to 
reaeh the lumbar (para-aortie) lymph nodes on the side of 
the aorta at the level of the Ist lumbar vertebra (Fig. 4.22). 

Autonomic Nerves 

Sympathetie fibers run with the testienlar artery from 
the renal or aortie sympathetie plexuses. Afferent sensory 
nerves aeeompany the efferent sympathetie fibers. 

Processus Vaginalis 

The remains of the proeessns vaginalis are present within 
the eord (see below). 


Genital Braneh of the Genitofemoral Nerve 

This nerve snpplies the eremaster muscle (see Fig. 4.21) 
(see page 222). 

eoverings of the Spermatie Cord (the Spermatie 
Faseiae) 

The eoverings of the spermatie eord are three eoneen- 
trie layers of faseia derived from the layers of the anterior 
abdominal wall. Eaeh eovering is acquired as the processus 
vaginalis deseends into the serotnm throngh the layers of 
the abdominal wall (Fig. 4.23). 

■ External spermatie faseia derived from the external 
oblique aponeurosis and attaehed to the margins of the 
snperfieial ingninal ring 
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FIGURE 4.22 Lymph drainage of the testis and the skin of 
the scrotum. 


■ Cremasteric faseia derived from the internal oblique 

muscle 

■ Internal spermatie faseia derived from the faseia transver- 

salis and attaehed to the margins of the deep ingninal ring 

To nnderstand the eoverings of the spermatie eord, one 
must first eonsider the development of the ingninal eanal. 

Development of the lnguinal Canal 

Before the deseent of the testis and the ovary from their site 
of origin high on the posterior abdominal wall (Ll), a peri- 
toneal diverticulum ealled the proeessns vaginalis is formed 
(see Fig. 4.23). The processus vaginalis passes throngh the 
layers of the lower part of the anterior abdominal wall and, 
as it does so, acquires a tubular eovering from eaeh layer. 
It traverses the faseia transversalis at the deep ingninal ring 
and acquires a tubular eovering, the internal spermatie fas- 
eia (see Fig. 4.4). As it passes throngh the lower part of the 
internal oblique muscle, it takes with it some of its lowest 
fibers, which form the eremaster mnsele. The muscle fibers 
are embedded in faseia, and thus the seeond tubular sheath is 
known as the eremasterie faseia (see Fig. 4.4). The proeessns 
vaginalis passes under the arehing fibers of the transversns 
abdominis muscle and therefore does not acquire a eovering 
from this abdominal layer. On reaehing the aponenrosis of 
the external oblique, it evaginates this to form the snperfieial 
ingninal ring and acquires a third tubular faseial eoat, the 
external spermatie faseia (see Figs. 4.4 and 4.5). It is in this 
manner that the ingninal eanal is formed in both sexes. (In 
the female, the term spermatie faseia should be replaeed by 
the eovering of the round ligament of the uterus.) 

Meanwhile, a band of mesenehyme, extending from the 
lower pole of the developing gonad throngh the ingninal 
eanal to the labioserotal swelling, has eondensed to form 
the gnbernaenlnm (see Fig. 4.23). 


processus 
vaginalis 



testis 


A 


gubernaculunn 



ovary 


gubernaculunn 




tunica 
vaginalis 



D 


remains of 
processus 
testis vaginalis 

remains of 
gubernaculum 



round 
ligament 
of ovary 


round ligament 
of uterus 


FIGURE 4.23 Origin, developnnent, and fate of the processus 
vaginalis in the tvvo sexes. Note the deseent of the testis 
into the scrotum and the deseent of the ovary into the pelvis. 


In the male, the testis deseends throngh the pelvis and 
ingninal eanal during the seventh and eighth months of fetal 
life. The normal stimulus for the deseent of the testis is testos- 
terone, which is seereted by the fetal testes. The testis follows 
the gubernaculum and deseends behind the peritonenm on 
the posterior abdominal waU. The testis then passes behind 
the proeessns vaginalis and pulls down its duct, blood vessels, 
nerves, and lymph vessels. The testis takes up its final position 
in the developing serotnm by the end of the eighth month. 

Beeanse the testis and its aeeompanying vessels, ducts, and 
so on, follow the course previously taken by the proeessns 
vaginalis, they acquire the same three eoverings as they pass 
down the ingninal eanal. Thus, the spermatie eord is eovered 
by three eoneentrie layers of faseia: the external spermatie fas- 
eia, the eremasterie faseia, and the internal spermatie faseia. 

In the female, the ovary deseends into the pelvis follow- 
ing the gubernaculum (see Fig. 4.23). The gubernaculum 
beeomes attaehed to the side of the developing uterus, and 
the gonad deseends no farther. That part of the gubernacu- 
lum extending from the uterus into the developing labium 
majus persists as the round ligament of the uterus. Thus, 
in the female, the only structures that pass through the 
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Vaseetomy 

Bilateral vaseetomy is a simple operation performed to prodoee 
infertility. Llnder loeal anesthesia, a small ineision is made in the 
upper part of the serotal wall, and the vas deferens is divided 
between ligatures. Spermatozoa may be present in the first few 
postoperative ejaculations, butthat is simply an emptying proeess. 
Now only the seeretions of the seminal vesieles and prostate eon- 
stitute the seminal fluid, which ean be ejaculated as before. 


inguinal eanal from the abdominal eavity are the round 
ligament of the uterus and a few lymph vessels. The lymph 
vessels eonvey a small amount of lymph from the body of 
the uterus to the superficial inguinal nodes. 

Scrotum, Testis, and Epididymides 

Scrotum 

The serotnm is an outpouching of the lower part of the 
anterior abdominal wall. It eontains the testes, the epididy- 
mides, and the lower ends of the spermatie eords (see Figs. 
4.4 and 4.21). 

The wall of the serotnm has the following layers: 

Skin. The skin of the serotnm is thin, wrinkled, and pig- 
mented and forms a single pouch. A slightly raised ridge 
in the midline indieates the line of fnsion of the two lat- 
eral labioserotal swellings. (In the female, the swellings 
remain separate and form the labia majora.) 

Snperfieial faseia. This is continuous with the fatty and 
membranons layers of the anterior abdominal wall; the 
fat is, however, replaeed by smooth muscle ealled the 
dartos mnsele. This is innervated by sympathetie nerve 
fibers and is responsible for the wrinkling of the overly- 
ing skin. The membranons layer of the snperfieial faseia 
(often referred to as Golles’ faseia) is continuous in front 
with the membranons layer of the anterior abdominal 
wall (Searpa’s faseia), and behind it is attaehed to the 
perineal body and the posterior edge of the perineal 
membrane (see Fig. 4.1). At the sides, it is attaehed to the 
isehiopnbie rami. Both layers of snperfieial faseia eon- 
tribnte to a median partition that erosses the serotnm 
and separates the testes from eaeh other. 

Spermatie faseiae. These three layers lie beneath the super- 
fieial faseia and are derived from the three layers of the 
anterior abdominal wall on eaeh side, as previonsly 
explained. The external spermatie faseia is derived from 
the aponenrosis of the external oblique muscle; the ere- 
masterie faseia is derived from the internal oblique mus- 
ele; and, finally, the internal spermatie faseia is derived 
from the faseia transversalis. The eremaster muscle 
is supplied by the genital braneh of the genitofemoral 
nerve (see page 222). The eremaster muscle ean be made 
to eontraet by stroking the skin on the medial aspeet of 
the thigh. This is ealled the eremasterie reflex. The affer- 
ent fibers of this refiex are travel in the femoral braneh 
of the genitofemoral nerve (L1 and 2), and the effer- 
ent motor nerve fibers travel in the genital braneh of 


the genitofemoral nerve. The fimetion of the eremaster 
muscle is to raise the testis and the serotnm upward for 
warmth and for proteetion against injury. For testicular 
temperature and fertility, see below. 

Tunica vaginalis (see Figs. 4.4, 4.5, and 4.21). This lies 
within the spermatie faseiae and eovers the anterior, 
medial, and lateral snrfaees of eaeh testis. It is the lower 
expanded part of the proeessns vaginalis; normally, just 
before birth, it beeomes shut off from the upper part of 
the processus and the peritoneal eavity. The tunica vagi- 
nalis is thus a elosed sae, invaginated from behind by the 
testis. 

Lymph Drainage of the Scrotum 

Lymph from the skin and faseia, inelnding the tunica vaginalis, 
drains into the snperfieial ingninal lymph nodes (see Fig. 4.22). 

Testis 

The testis is a firm, mobile organ lying within the serotnm 
(see Figs. 4.5 and 4.21). The left testis usually lies at a lower 
level than the right. Eaeh testis is surrounded by a tough 
fibrous capsule, the tunica albuginea. 

Extending from the inner snrfaee of the eapsnle is a series 
of fibrons septa that divide the interior of the organ into 
lobnles. Lying within eaeh lobule are one to three eoiled 
seminiferons tubules. The tubules open into a network of 
ehannels ealled the rete testis. Small efferent ductules eon- 
neet the rete testis to the upper end of the epididymis (see 
Eig. 4.21). 

Normal spermatogenesis ean occur only if the testes are 
at a temperatnre lower than that of the abdominal eavity. 
When they are loeated in the serotnm, they are at a tem- 
peratnre about 3°C lower than the abdominal temperatnre. 
The eontrol of testienlar temperatnre in the serotnm is not 
fully understood, but the surface area of the serotal skin ean 
be ehanged refiexly by the eontraetion of the dartos and 
eremaster mnseles. It is now reeognized that the testienlar 
veins in the spermatie eord that form the pampiniform 
plexus—together with the branehes of the testienlar 
arteries, which lie elose to the veins—probably assist in sta- 
bilizing the temperatnre of the testes by a countercurrent 
heat exchange meehanism. By this means, the hot blood 
arriving in the artery from the abdomen loses heat to the 
blood aseending to the abdomen within the veins. 

Epididymis 

The epididymis is a firm structure lying posterior to the 
testis, with the vas deferens lying on its medial side (see 
Eig. 4.21). It has an expanded upper end, the head, a body, 
and a pointed tail inferiorly. Laterally, a distinet groove lies 
between the testis and the epididymis, which is lined with 
the inner viseeral layer of the tunica vaginalis and is ealled 
the sinus of the epididymis (see Eig. 4.21). 

The epididymis is a much eoiled tube nearly 20 ft (6 m) 
long, embedded in eonneetive tissue. The tube emerges 
from the tail of the epididymis as the vas deferens, which 
enters the spermatie eord. 

The long length of the duct of the epididymis provides 
storage spaee for the spermatozoa and allows them to 
mature. A main fimetion of the epididymis is the absorp- 
tion of fiuid. Another fimetion may be the addition of sub- 
stanees to the seminal fluid to nourish the maturing sperm. 
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Blood Supply of theTestis and Epididymis 

The testicular artery is a braneh of the abdominal aorta. The 
testicular veins emerge from the testis and the epididymis as 
a venous network, the pampiniform plexus. This beeomes 
redneed to a single vein as it aseends throngh the ingninal 
eanal. The right testienlar vein drains into the inferior vena 
eava, and the left vein joins the left renal vein. 



eiìnìeal eondìtìons Involvìng the Serotnm and Testìs 
Varieoeele 

A varieoeele is a eondition in vvhieh the veins of the pampiniform 
plexus are elongated and dilated. It is a eommon disorder in adoles- 
eents and young adults, with most occurring on the left side. This is 
thought to be because the right testicular vein joins the low-pres- 
sure inferior vena eava, whereas the left vein joins the left renal 
vein, in which the venous pressure is higher. Rarely, malignant dis- 
ease of the left kidney extends along the renal vein and bloeks the 
exit of the testicular vein. A rapidly developing left-sided varioeele 
should therefore always lead one to examine the left kidney. 


Malignant Tnmor of the Testis 

A malignant tumor of the testis spreads upward via the lymph 
vessels to the lumbar (para-aortie) lymph nodes at the level of 
the first lumbar vertebra. It is only later, when the tumor spreads 
loeally to involve the tissues and skin of the scrotum, that the 
superficial inguinal lymph nodes are involved. 

The proeess of the deseent of the testis is shown in 
Figure 4.23. The testis may be subjectto the following eongenital 
anomalies. 


Torsion of the Testis 

Torsion of the testis is a rotation of the testis around the sper- 
matie eord within the scrotum. It is often assoeiated with an 
excessively large tunica vaginalis. Torsion eommonly occurs in 
aetive young men and ehildren and is aeeompanied by severe 
pain. Ifnottreated quickly, the testieolar artery may be oeeloded, 
followed by neerosis of the testis. 


Lymph Drainage of theTestis and Epididymis 

The lymph vessels (see Fig. 4.22) aseend in the sper- 
matie eord and end in the lymph nodes on the side of the 
aorta (Inmbar or para-aortie) nodes at the level of the Ist 
Inmbar vertebra (i.e., on the transpylorie plane). This is 
to be expected beeanse dnring development the testis has 
migrated from high up on the posterior abdominal wall. 


Processus Vaginalis 

Theformation ofthe processus vaginalis and its passagethrough 
the lower part of the anterior abdominal wall with the formation 
of the inguinal eanal in both sexes were deseribed elsewhere 
(see page 130). Normally, the upper part beeomes obliterated just 
before birth and the lower part remains as the tunica vaginalis. 

The processus is subjectto the following eommon eongenital 
anomalies: 


1. It may persist partially or in its entirety as a preformed hernial 
sae for an indireet inguinal hernia (Fig. 4.24). 

2. It may beeome very much narrowed, but its lumen remains 
in communication with the abdominal eavity. Peritoneal fluid 
accumulates in it, forming a eongenital hydroeele (Fig. 4.24). 

3. The upper and lower ends of the processus may beeome 
obliterated, leaving a small intermediate eystie area referred 
to as an eneysted hydroeele of the eord (see Fig. 4.24). 

The tunica vaginalis is elosely related to the front and sides 
of the testis. It is therefore not surprising to find that inflam- 
mation of the testis ean cause an accumulation of fluid within 
the tunica vaginalis. This is referred to simply as a hydroeele 
(Fig. 4.25). Most hydroeeles are idiopathie. 

To remove excess fluid from the tunica vaginalis, a proee- 
dure termed tapping a hydroeele, a fine troear and cannula are 
inserted through the serotal skin (see Fig. 4.25). The following 
anatomie structures are traversed by the cannula: skin, dartos 
muscle and membranous layer of faseia (Golles' faseia), external 
spermatie faseia, eremasterie faseia, internal spermatie faseia, 
and parietal layer of the tunica vaginalis. 
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FIGURE4.24 Common eongenital anomalies of the processus vaginalis. A. Gongenital hydroeele. B. Eneysted hydroeele of 
the eord. C. Preformed hernial sae for indireet inguinal hernia. 
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eremasterie faseia / 

internal spermatie faseia 


FIGURE4.25 The tunica vaginalis distended vvith fluid (hydroeele). Also shovvn are the various anatonnie layers traversed by a 
troear and a cannula when a hydroeele is tapped. 
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Development of the Testis 

The male sex ehromosome causes the genital ridge to seerete 
testosterone and induces the development of the testis and the 
other internal and external organs of reproduction. 

The sex eords of the genital ridge beeome separated from the 
eoelomie epithelium by the proliferation of the mesenehyme (Fig. 
4.26). The outer part of the mesenehyme eondenses to form a 
dense fibrous layer, the tnniea albnginea. The sex eords beeome 
Ll-shaped and form the seminiferons tnbnles. The free ends of 
the tubules form the straight tnbnles, vvhieh join one another in 
the mediastinum testis to beeome the rete testis. The primordial 
sex eells in the seminiferous tubules form the spermatogonia, 
and the sex eord eells form the Sertoli eells. The mesenehyme 
in the developing gonad makes up the eonneetive tissue and 
fibrous septa. The interstitial eells, vvhieh are already seeret- 
ing testosterone, are also formed of mesenehyme. The rete testis 
beeomes eanalized, and the tubules extend into the mesonephrie 
tissue, vvhere theyjoin the remnants of the mesonephrie tubules; 
the latter tubules beeome the efferent dnetnles of the testis. The 
duct of tbe epididymis, the vas deferens, the seminal vesiele, 
and the ejaculatory duct are formed from the mesonephrie duct 
(see Fig. 4.26). 


Deseent of tbe Testis 

The testis develops high up on the posterior abdominal vvall, and 
in late fetal life it "deseends" behind the peritoneum, dragging its 
blood supply, nerve supply, and lymphatie drainage after it (for 
details, see page 130). The proeess of the deseent of the testis is 
shovvn in Figure 4.23. 






Gongenital Anomalies of tbe Testis 

The testis may be subjectto the follovving eongenital anomalies. 

Anterior inversion, in vvhieh the epididymis lies anteriorly and 
the testis and the tunica vaginalis lie posteriorly 
Polar inversion, in vvhieh the testis and epididymis are eom- 
pletely inverted 

imperfeet deseent (eryptorebidism): ineomplete deseent 

(Fig. 4.27), in vvhieh the testis, although traveling dovvn its 
normal path, fails to reaeh the floor of the scrotum. It may be 
found vvithin the abdomen, vvithin the inguinal eanal, atthe 
superficial inguinal ring, or high up in the scrotum. 
Maldeseent (Fig. 4.28), in vvhieh the testis travels dovvn an abnor- 
mal path and fails to reaeh the scrotum. It may be found in the 
superficial faseia of the anterior abdominal vvall above the ingui- 
nal ligament, in front ofthe pubis, inthe perineum, orinthethigh. 

It is neeessary for the testes to leave the abdominal eavity 
because the temperature there retards the normal proeess of 
spermatogenesis. If an ineompletely deseended testis is brought 
dovvn into the scrotum by surgery before puberty, it vvill develop 
and function normally. A maldeseended testis, although often 
developing normally, is susceptible to traumatic injury and, for 
this reason, should be plaeed in the scrotum. Many authorities 
believe that the ineidenee of tumor formation is greater in testes 
that have not deseended into the scrotum. 

The appendix of tbe testis and the appendix of tbe epididy- 
mis are embryologie remnants found atthe upper poles of these 
organs that may beeome eystie. The appendix of the testis is 
derived from the paramesonephrie ducts, and the appendix of 
the epididymis is a remnant of the mesonephrie tubules. 
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FIGURE 4.26 


The formation of the testis and the ducts of the testis. 



FIGURE 4.27 Four degrees of ineomplete deseent of the 
testis. 1. In the abdominal eavity elose to the deep inguinal 
ring. 2. In the inguinal eanal. 3. At the superficial inguinal 
ring. 4. In the upper part of scrotum. 


down throngh the ingninal eanal, and into the serotnm, 
dragging its blood snpply and lymph vessels after it. 

Labia Majora 

The labia majora are prominent, hair-bearing folds of skin 
formed by the enlargement of the genital swellings in the 
fetns. (In the male, the genital swellings ftise in the midline 
to form the serotnm.) Within the labia are a large amonnt 
of adipose tissne and the terminal strands of the ronnd 
ligaments of the nterns. (For fnrther details, see page 288.) 

Structure of the Posterior Abdominal Wall 

The posterior abdominal wall is formed in the midline by 
the five Inmbar vertebrae and their intervertebral dises and 
laterally by the 12th ribs, the npper part of the bony pelvis 
(Fig. 4.29), the psoas mnseles, the quadratus lumborum 


































BasieAnatomy 135 




FIGURE 4.28 Four types of maldeseent of the testis. 1. In 
the superficial faseia of the anterior abdominal wall, above 
the superficial inguinal ring. 2. At the root of the penis. 3. In 
the perineum. 4. In the thigh. 

muscles, and the aponeuroses of origin of the transversns 
abdominis mnseles. The iliaens mnseles lie in the upper 
part of the bony pelvis. 

LambarVertebrae 

The body of eaeh vertebra (Fig. 4.30) is massive and kid- 
ney shaped, and it has to bear the greater part of the body 
weight. The 5th lumbar vertebra articulates with the base of 
the sacrum at the lumbosacral joint. 

The intervertebral dises (Fig. 4.31) in the lumbar 
region are thieker than in other regions of the vertebral 
column. They are wedge shaped and are responsible for 
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FIGURE 4.29 Gostal margin and bones of the abdomen. 
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FIGURE4.30 Fifth lumbar vertebra. 

the normal posterior eoneavity in the curvature of the 
vertebral column in the lumbar region (lordosis). For a fnll 
deseription of the structure of the lumbar vertebrae and 
the intervertebral dises, see page 687. 

Twelfth Pair of Ribs 

The ribs are deseribed on page 36. It should be noted that the 
head of the 12th rib has a single faeet for artienlation with 
the body of the 12th thoraeie vertebra. The anterior end is 
pointed and has a small eostal eartilage, which is embedded 
in the musculature of the anterior abdominal wall. In many 
people, it is so short that it fails to protrnde beyond the lat- 
eral border of the ereetor spinae muscle on the baek. 

Ilium 

The ilium, together with the ischium and pubis, forms the 
hip bone (Fig. 4.32); they meet one another at the aee- 
tabulum. The medial surface of the ilium is divided into 
two parts by the arcuate line. Above this line is a eoneave 
snrfaee ealled the iliae fossa; below this line is a flattened 
snrfaee that is continuous with the medial surfaces of the 
pubis and isehinm. It should be noted that the arenate line 
of the ilium forms the posterior part of the iliopeetineal 
line, and the peetineal line forms the anterior part of 
the iliopeetineal line. The iliopeetineal line runs forward 
and demareates the false from the true pelvis. For flirther 
details on the structure of the hip bone, see page 245. 
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FIGURE 4.31 Sagittal seetion of the lumbar part of the verte- 
bral column showing intervertebral dises and ligaments. 
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FIGURE 4.32 Internal aspeet of the right hip bone. 


Muscles of the Posterior Abdominal Wall 

Psoas Major 

The psoas muscle^ arises from the roots of the trans- 
verse proeesses, the sides of the vertebral bodies, and the 
intervertebral dises, from the 12th thoraeie to 5th lumbar 
vertebrae (Fig. 4.33). The fibers run downward and laterally 
and leave the abdomen to enter the thigh by passing behind 
the ingninal ligament. The muscle is inserted into the lesser 
troehanter of the femur. The psoas is enelosed in a fibrons 
sheath that is derived from the lumbar faseia. The sheath is 
thiekened above to form the medial arcuate ligament. 

■ Nerve supply: This muscle is supplied by the lumbar 
plexus. 

■ Aetion: The psoas fiexes the thigh at the hip joint on the 
trunk, or if the thigh is fixed, it fiexes the trunk on the 
thigh, as in sitting up from a lying position. 



Psoas Faseìa and Tnberenlosis 

The psoas faseia eovers the anterior surface of the psoas 
muscle and ean influence the direetion taken by a tuberculous 
abseess. Tuberculous disease of the thoracolumbar region of 
the vertebral column results in the destruction of the verte- 
bral bodies, with possible extension of pus laterally under the 
psoas faseia (Fig. 4.34). From there, the pus traeks downward, 
following the course of the psoas muscle, and appears as a 
swelling in the upper part of the thigh below the inguinal liga- 
ment. It may be mistaken for a femoral hernia. 


^ The psoas minor is a small mnsele with a long tendon that lies anterior to 
the psoas major. It is nnimportant and is absent in 40% of patients. 
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FIGURE 4.33 Muscles and bones forming the posterior 
abdominal wall. 


Quadratus Lunnborunn 

The quadratus lumborum is a fiat, quadrilateral-shaped 
muscle that lies alongside the vertebral column. It arises 
below from the iliolnmbar ligament, the adjoining part of 
the iliae erest, and the tips of the transverse proeesses of 
the lower lumbar vertebrae (see Fig. 4.33). The fibers run 
upward and medially and are inserted into the lower border 
of the 12th rib and the transverse proeesses of the upper 
four lumbar vertebrae. The anterior snrfaee of the muscle is 
eovered by lumbar faseia, which is thiekened above to form 
the lateral arcuate ligament and below to form the iliol- 
umbar ligament. 

■ Nerve supply: This muscle is supplied by the lumbar 
plexus. 

■ Aetion: It fixes or depresses the 12th rib during respira- 
tion (see page 77) and laterally fiexes the vertebral eol- 
umn to the same side. 



FIGURE 4.34 Case of advaneed tuberculous disease of the 
thoracolumbar region of the vertebral column. A psoas 
abseess is present, and swellings occur in the right groin 
above and below the right inguinal ligament. 
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TABLE 4.2 1 

Muscles of the Posterior Abdominal Wall 



Name of Muscle 

Origin 

Insertion 

Nerve Supply 

•i 

Aetion 

1 

Psoas 

Transverse proeesses, 
bodies, and interver- 
tebral dises of 12th 
thoraeie and five 
lumbar vertebrae 

With iliacus into lesser 
troehanter of femur 

Lumbar plexus 

Flexes thigh on trunk; if thigh 
is fixed, it flexes trunk on 
thigh, as in sitting up from 
lying position 

Quadratus lumborum 

lliolumbar ligament, 
iliae erest, tips of 
transverse pro- 
eesses of lovver 
lumbar vertebrae 

12th rib 

Lumbar plexus 

Fixes 12th rib during inspira- 
tion; depresses 12th rib 
during foreed expiration; 
laterally flexes vertebral 
column same side 

llíacus 

lliae fossa 

With psoas into lesser 
troehanter of femur 

Femoral nerve 

Flexes thigh on trunk; if thigh 
is fixed, it flexes the trunk 
on the thigh, as in sitting up 
from lying position 


Transversus Abdonninis 

The transversus abdominis muscle is fully deseribed on 
page 120. 

Iliacus 

The iliaens muscle is fan shaped and arises from the upper 
part of the iliae fossa (see Figs. 4.32 and 4.33). Its fibers join 
the lateral side of the psoas tendon to be inserted into the 
lesser troehanter of the femur. The eombined mnseles are 
often referred to as the iliopsoas. 

■ Nerve supply: This muscle is supplied by the femoral 
nerve, a braneh of the lumbar plexus. 

■ Aetion: The iliopsoas fiexes the thigh on the trunk at 
the hip joint, or if the thigh is fixed, it fiexes the trunk 
on the thigh. 

The posterior part of the diaphragm (see Fig. 4.33) also 
forms part of the posterior abdominal wall. It is deseribed 
on page 44. A snmmary of the mnseles of the posterior 
abdominal wall, their nerve supply, and their aetion is given 
in Table 4.2. 

Faseial Lining of the Abdominal Walls 

As mentioned previonsly, the abdominal walls are lined by 
one continuous layer of eonneetive tissue that lies between 
the parietal peritonenm and the mnseles (Fig. 4.35). It is 
continuous below with a similar faseial layer lining the pel- 
vie walls. It is enstomary to name the faseia aeeording to the 
structure it overlies. For example, the diaphragmatie faseia 
eovers the undersurface of the diaphragm, the transversalis 
faseia lines the transversns abdominis, the psoas faseia 
eovers the psoas muscle, the quadratus lumborum faseia 
eovers the quadratus lumborum, and the iliaea faseia eov- 
ers the iliaens muscle. 

The abdominal blood and lymph vessels lie within this 
faseial lining, whereas the prineipal nerves lie ontside the 


faseia. This faet is important in the nnderstanding of the 
femoral sheath (see Fig. 4.35). This is simply a downward 
prolongation of the faseial lining around the femoral 
vessels and lymphaties, for about 1.5 in. (4 em) into the 
thigh, behind the ingninal ligament. Beeanse the femoral 
nerve lies ontside the faseial envelope, it has no sheath 
(see page 463). 

In eertain areas of the abdominal wall, the faseial lining 
performs partienlarly important fimetions. Inferior to the 
level of the anterior snperior iliae spines, the posterior wall 
of the rectus sheath is devoid of muscular aponeuroses (see 
Figs. 4.10 and 4.13) and is formed by the faseia transversalis 
and peritonenm only (see page 122). 

At the midpoint between the anterior snperior iliae 
spine and the symphysis pubis, the spermatie eord pierees 
the faseia transversalis to form the deep ingninal ring (see 
Fig. 4.8). From the margins of the ring, the faseia is eon- 
tinued over the eord as a tubular sheath, the internal sper- 
matie faseia (see Fig. 4.4). 

Peritoneal Lining of the Ahdominal 
Walls 

The walls of the abdomen are lined with parietal perito- 
neum. This is a thin serous membrane eonsisting of a layer 
of mesothelinm resting on eonneetive tissue. It is continu- 
ous below with the parietal peritoneum lining the pelvis 
(see Fig. 4.35). For fiirther details, see pages 278 and 296. 

Nerve Snpply 

The eentral part of the diaphragmatie peritonenm is sup- 
plied by the phrenie nerves, and the peripheral part is 
snpplied by the lower intereostal nerves. The peritonenm 
lining the anterior and posterior abdominal walls is sup- 
plied segmentally by intereostal and lumbar nerves, which 
also supply the overlying mnseles and skin. 
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FIGURE 4.35 Sagittal seetion of the abdomen shovving arrangement of the faseial and peritoneal linings of vvalls. The femoral 
sheath vvith its eontained vessels is also shovvn. Note that the femoral nerve is devoid of a faseial sheath. 
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Development of the Abdomìnal Wall 

Follovving segmentation of the mesoderm, the lateral mesoderm 
(see page 33) splits into a somatie and a splanehnie layer asso- 
eiated vvith eetoderm and entoderm, respeetively (Fig. 4.36). The 
muscles of the anterior abdominal vvall are derived from the 
somatopleuric mesoderm and retaintheirsegmental innervation 
from the anterior rami of the spinal nerves. Llnlike the thorax, 
the segmental arrangement beeomes lost due to the absenee of 
ribs, and the mesenehyme fuses to form large sheets of muscle. 
The rectus abdominis retains indieations of its segmental ori- 
gin, as seen by the presenee of the tendinous interseetions. The 
somatopleuric mesoderm beeomes split tangentially into three 
layers, vvhieh form the external oblique, internal oblique, and 
transversus abdominis muscles. The anterior body vvall finally 
eloses in the midline at 3 months, vvhen the right and left sides 
meet in the midline and fuse. The line of fusion of the mesen- 
ehyme formsthe linea alba, and on either side of this, the rectus 
muscles eome to lie vvithin their rectus sheaths. 


Development of the Umbilical Cord and the Umbilicus 

As the tail fold of the embryo develops, the embryonie attaehment 
of the body stalkto the caudal end of the embryonie dise eomes to 
lie on the anterior surface of the embryo, elose to the remains of the 
yolk sae (Fig. 4.37). The amnion and ehorion novv fuse, so that the 
amnion eneloses the body stalk and the yolk sae vvith their blood 
vessels to form the tubular umbilical eord. The mesenehymal eore 
of the eord forms the loose eonneetive tissue ealled Whai1on's 
jelly. Embedded in this are the remains of the yolk sae, the vitelline 
duct,the remains of the allantois, and the umbilical blood vessels. 

The umbilical vessels eonsist of tvvo arteries that earry deox- 
ygenated blood from the fetus to the ehorion (later the plaeenta). 
The tvvo umbilical veins eonvey oxygenated blood from the pla- 
eenta to the fetus. The right vein soon disappears (see Fig. 4.37). 

The umbilical eord is a tvvisted tortuous structure that mea- 
sures about0.75 in. (2 em) in diameter. itinereases in length until, 
at the end of pregnaney, it is about 20 in. (50 em) long—that is, 
aboutthe same length asthe ehild. 
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FIGURE 4.36 Transverse seetions through the ennbryo at different stages of development shovving the formation of the 
abdominal vvall and peritoneal eavity. A.The intraembryonie eoelom in free communication vvith the extraembryonic eoelom 
(double-headed arrovvs). B.The development of the lateral folds of the embryo and the beginning of the elosing off of the 
intraembryonie eoelom. G.The lateral folds of the embryo finally fused in the midline and elosing off the intraembryonie eoe- 
lom or future peritoneal eavity. Most of the ventral mesentery vvill break dovvn and disappear. 







140 CHAPTER4 The Abdomen: Part I—The Abdominal Wall 





proctodeunn 


allantois 


extraennbryonic 
eoelom 

yolk sae 

ehorion frondosum 


eetoderm 


plaeenta 


amniotie eavity 


ehorion laeve 


stomodeum 


amnion 


body stalk 



amniotie eavity 
filled with 
amniotie fluid 




,t.-áaa_ci 


vitelline duct 


amnion 


ehorion 


umbilical vein 


vitelline duct 


umbilical arteries 


remains of 
allantois 


plaeenta 


FIGURE 4.37 The formation of the umbilical eord. Note the expansion of the amniotie eavity (arrovvs) so that the eord 
beeomes eovered vvith amnion. Note also that the umbilical vessels have been reduced to one vein and tvvo arteries. 
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Tyìng the Cord 

At birth, the eord is tied off elose to the umbilicus. About 2 in. 
(5 em) of eord is left betvveen the umbilicus and the ligature, sinee 
a píeee of intestine may be present as an nmbilieal hernia in the 
remains of the extraembryonic eoelom. After applieation of the 
ligature,the umbilical vessels eonstrietandthrombose. Later, the 
stump of the eord is shed and the umbilical sear tissue beeomes 
retraeted and assumes the shape of the nmbiliens, or navel. 

Patent Urachus 

The urachus is the remains of the allantois of the fetus and nor- 
mally persists as a fibrous eord that runs from the apex of the 
bladderto the umbilicus. Oeeasionally, the eavity of the allantois 
persists, and urine passes from the bladder through the umbili- 
cus. In nevvborns, it usually reveals itself vvhen a eongenital ure- 
thral obstruction is present. More often, it remains undiscovered 


until old age,vvhen enlargement ofthe prostate may obstructthe 
urethra (Fig. 4.38). 


Vitellointestinal Duct 

The vitelline duct in the early embryo eonneets the developing 
gutto the yolk sae. Normally, as development proeeeds, the duct 
is obliterated, severs its eonneetion vvith the small intestine, and 
disappears. Persistenee of the vitellointestinal duct ean result in 
an umbilical feeal fistula (see Fig. 4.38). If the duct remains as a 
fibrous band, a loop of bovvel ean beeome vvrapped around it, 
causing intestinal obstruction (see Fig. 4.38). 

Meekel's diverticulum is a eongenital anomaly representing 
a persistent portion of the vitellointestinal duct. It occurs in 2% 
of patients (see Fig. 4.38), is loeated about 2 ft (61 em) from the 
ileoeolie junction, and is about 2 in. (5 em) long. It ean beeome 
ulcerated or cause intestinal obstruction. 


(continuedl 
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FIGURE 4.38 Unnbilicus and some eommon eongenital defeets. 
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Umbilical Vessel Catheterization 

The umbilical eord is surrounded by the fetal membrane, amnion, 
and eontains VVharton's jelly. Embedded in this jelly are the 
remains of the vitellointestinal duct and the allantois and the 
single umbilical vein and the two umbilical arteries (Fig. 4.39). 
The vein is a larger thin-walled vessel and is loeated at the 
12 o'eloek position when faeing the umbilicus; the two arteries, 
which lie adjaeentto one another and are loeated at the 4 and 
8 o'eloek positions when faeing the umbilicus, are smaller and 
thiek walled. 


indieations for Umbilical Artery Gatheterization 

1. Administration of fluids or blood for resuscitation purposes 

2. Arterial blood gas and blood pressure monitoring. The um- 
bilieal arteries may be cannulated most easily during the first 
few hours after birth, butthey may be cannulated up to 6 days 
after delivery. 


Anatomy of Proeednre 

One of the small, thick-walled arteries is identified in VVharton's jelly 
in the umbilical stump. Because the umbilical arteries are branehes 
of the internal iliae arteries in the pelvis, the eatheter is introduced 
and advaneed slowly in the direetion of the feet. The eatheter ean 
be inserted for about 2.75 in. (7 em) in a premature infant and 4.75 
in. (12 em) in a full-term infant. The course of the eatheter ean be 
eonfirmed on a radiograph and is as follows: (a) umbilical artery 
(direeted downward into the pelvis), (b) internal iliae artery (acute 
turn into this artery), and (e) eommon iliae artery and the aorta. 

Anatomy of Complications 

Gatheter perforates arterial wall at a point where the artery 
turns downward toward the pelvis atthe anterior abdominal 
wall. 

Gatheter enters the thin-walled wider umbilical vein instead 




of the thick-walled smaller artery. 


(continued} 
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FIGURE 4.39 Gatheterization of the umbilical blood vessels. Arrangement of the single umbilical vein and the two umbilical 
arteries in the umbilical eord and the paths taken by the eatheter in the umbilical vein and the umbilical artery. 
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■ Gatheter enters the thin-walled persistent urachus (urine is 
returned into eatheter). 

■ Vasospasm of the umbilical and the iliae arteries occurs, 
causing blanehing of the leg. 

■ Perforation of arteries distal to the umbilical artery occurs, 
for example, the iliae arteries or even the aorta. 

■ Other eomplieations include thrombosis, emboli, and infee- 
tion of the umbilical stump. 

indieations for IJmbilieal Vein Gatheterization 

1. Administration of fluids or blood for resuscitation purposes 

2. Exchange transfusions. The umbilical vein may be cannu- 
lated up to 7 days after birth. 


Anatomy of Proeednre 

The umbilical vein is loeated in the eord stump atthe 12 o'eloek 
position (see Fig. 4.39), as deseribed previously, and is easily ree- 
ognized because of its thin wall and large lumen. The eatheter 
is advaneed gently and is direeted toward the head, because 
the vein runs in the free margin of the faleiform ligamentto join 
the ductus venosus at the porta hepatis. The eatheter may be 
advaneed about 2 in. (5 em) in a full-term infant. The course of 
the eatheter may be eonfirmed by radiography and is as follows: 
(a) the umbilical vein, (b) the ductus venosus, and (e) the inferior 
vena eava (4 to 4.75 in. [10 to 12 em]). 


Anatomy of the Complications of IJmbilieal Vein 
Gatheterization 

■ Gatheter may perforate the venous wall. This is most likely to 
occur where the vein turns eranially atthe abdominal wall. 

■ Other eomplieations include liver neerosis, hemorrhage, and 
infeetion. 


the inguinal eanal [see page 130]). It follows thatthe sae enters 
the inguinal eanal through the deep inguinal ring lateral to the 
inferior epigastrie vessels (see Fig. 4.41). It may extend part of 
the way along the eanal orthefull length, asfar asthe superficial 
inguinal ring. If the processus vaginalis has undergone no oblit- 
eration, then the hernia is eomplete and extends through the 
superficial inguinal ring down into the scrotum or labium majus. 
Llnder these circumstances, the neek of the hernial sae lies at 
the deep inguinal ring lateral to the inferior epigastrie vessels, 
and the body of the sae resides in the inguinal eanal and scrotum 
(or base of labium majus). 

An indireet inguinal hernia is about 20 times more eommon in 
males than in females, and nearly one third are bilateral. It is more 
eommon on the right (normally, the right processus vaginalis 
beeomes obliterated afterthe left; the righttestis deseends later 
than the left). It is most eommon in ehildren and young adults. 

The indireet inguinal hernia ean be summarized asfollows: 


■ It is the remains of the processus vaginalis and therefore is 
eongenital in origin. 

■ It is more eommon than a direet inguinal hernia. 

■ It is much more eommon in males than females. 

■ It is more eommon on the rightside. 

■ It is most eommon in ehildren and young adults. 

■ The hernial sae enters the inguinal eanal through the deep 
inguinal ring and lateral to the inferior epigastrie vessels. The 
neek of the sae is narrow. 

■ The hernial sae may extend through the superficial inguinal 
ring above and medial to the pubic tubercle. (Femoral hernia 
is loeated below and lateral to the pubic tubercle.) 

■ The hernial sae may extend down into the scrotum or labium 
majus. 


Abdomínal Herníae 

A hernia is the protrusion of part of the abdominal eontents 
beyond the normal eonfines of the abdominal wall (Fig. 4.40). It 
eonsists of three parts: the sae, the eontents of the sae, and the 
eoverings of the sae. The hernial sae is a pouch (diverticulum) of 
peritoneum and has a neek and a body. The hernial eontents may 
eonsist of any structure found within the abdominal eavity and 
may vary from a small pieee of omentum to a large viscus such 
as the kidney. The hernial eoverings are formed from the layers 
of the abdominal wall through which the hernial sae passes. 
Abdominal herniae are of the following eommon types: 

lnguinal (indireet or direet) 

Femoral 

Llmbilieal (eongenital or acquired) 

Epigastrie 

Separation of the reeti abdominis 
ineisional 

Hernia of the linea semilunaris (Spigelian hernia) 

Lumbar (Petit's triangle hernia) 

Internal 


indireet Ingninal Hernia 

The indireet inguinal hernia is the most eommon form of hernia 
and is believed to be eongenital in origin (Fig. 4.41A). The hernial 
sae is the remains of the processus vaginalis (an outpouching of 
peritoneum that in the fetus is responsible for the formation of 


Direet Ingninal Hernia 

The directinguinal hernia makes up about 15% of all inguinal her- 
nias. The sae of a direet hernia bulges direetly anteriorly through 
the posterior wall of the inguinal eanal medial to the inferior 
epigastrie vessels (see Fig. 4.41 B). Because of the presenee of 
the strong eonjoint tendon (eombined tendons of insertion of the 
internal oblique and transversus muscles), this hernia is usually 
nothing more than a generalized bulge;therefore,the neekofthe 
hernial sae is wide. 

Direet inguinal hernias are rare in women and most are 
bilateral. It is a disease of old men with weak abdominal muscles. 
A direet inguinal hernia ean be summarized as follows: 

It is eommon in old men with weak abdominal muscles and is 
rare in women. 

The hernial sae bulges forward through the posterior wall of 
the inguinal eanal medial to the inferior epigastrie vessels. 
The neek of the hernial sae is wide. 

An inguinal hernia ean be distinguished from a femoral hernia by 
the faetthatthe sae, as it emerges through the superficial inguinal 
ring, lies above and medial to the pubic tubercle, whereas that of 
a femoral hernia lies below and lateral to the tubercle (Fig. 4.42). 





Femoral Hernia 

The hernial sae deseends through the femoral eanal within the 
femoral sheath, ereating a femoral hernia. The femoral sheath, 
which is fully deseribed on page 460, is a protrusion of the faseial 


(eontinaed) 
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FIGURE 4.40 Different parts of a hernia 



FIGURE4.42 Relation of inguinal and femoral hernial saes 
to the pubic tubercle. 
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FIGURE 4.41 A. indireet inguinal hernia. B. Direet inguinal hernia. Note that the neek of the indireet inguinal hernia lies lateral 
to the inferior epigastrie artery, and the neek of the direet inguinal hernia lies medial to the inferior epigastrie artery. 
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envelope lining the abdominal vvalls and surrounds the femo- 
ral vessels and lymphaties for about 1 in. (2.5 em) belovv the 
inguinal ligament (Fig. 4.43). The femoral artery, as it enters 
the thigh belovv the inguinal ligament, occupies the lateral 
eompartment of the sheath. The femoral vein, vvhieh lies on 
its medial side and is separated from it by a fibrous septum, 
occupies the intermediate eompartment. The lymph ves- 
sels, vvhieh are separated from the vein by a fibrous septum, 
occupy the most medial eompartment. The femoral eanal, the 
eompartment for the lymphaties, occupies the medial part of 
the sheath. It is about 0.5 in. (1.3 em) long, and its upper open- 
ing is referred to as the femoral ring. The femoral septnm, 
vvhieh is a eondensation of extraperitoneal tissue, plugs the 
opening of the femoral ring. 

A femoral hernia is more eommon in vvomen than in men 
(possibly because of a vvider pelvis and femoral eanal). The 
hernial sae passes dovvn the femoral eanal, pushing the fem- 
oral septum before it. On eseaping through the lovver end, it 
expands to form a svvelling in the upper part of the thigh deep 


to the deep faseia (see Fig. 4.43). With further expansion, the 
hernial sae may turn upvvard to eross the anterior surface of 
the inguinal ligament. 

The neek of the sae alvvays lies belovv and lateral to the 
pubic tubercle (see Fig. 4.42), vvhieh serves to distinguish it 
from an inguinal hernia. The neek of the sae is narrovv and lies 
atthefemoral ring.The ring is related anteriorlyto the inguinal 
ligament, posteriorly to the peetineal ligament and the pubis, 
medially to the sharp free edge of the lacunar ligament, and 
laterally to the femoral vein. Because of the presenee of these 
anatomie structures, the neek of the sae is unable to expand. 
Onee an abdominal viscus has passed through the neek into 
the body of the sae, it may be difficult to push it up and return 
it to the abdominal eavity (irreducible bernia). Furthermore, 
after straining or coughing, a pieee of bovvel may be foreed 
through the neek and its blood vessels may be eompressed 
by the femoral ring, seriously impairing its blood supply (stran- 
gnlated bernia). Afemoral hernia is a dangerous disease and 
should alvvays be treated surgically. 


(continuedl 
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FIGURE4.43 The femoral sheath as seen from belovv. /\rrow emerging from the femoral eanal indieates the path taken by the 
femoral hernial sae. Note relations of the femoral ring. 
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A femoral hernia ean be snmmarized as follovvs: 

■ It is a protrosion of abdominal parietal peritoneom dovvn 
throogh the femoral eanal to form the hernial sae. 

■ It is more eommon in vvomen than in men. 

■ The neekofthe hernial sae lies belovvand lateraltothe pubic 
tubercle. 

■ The neek of the hernial sae lies atthe femoral ring and atthat 
point is related anteriorly to the inguinal ligament, posteriorly 
to the peetineal ligament and the pubis, laterally to the femo- 
ral vein, and medially to the sharp free edge of the lacunar 
ligament. 


'ÁmÁfÁ 


IJmbilieal Herniae 

Gongenital nmbilieal bernia, or exomphalos (omphaloeele), is 
caused by a failure of part of the midgut to return to the abdomi- 
nal eavity from the extraembryonic eoelom during fetal life. The 
hernial sae and its relationship to the umbilical eord are shovvn 
in Figure 

Aegnired infantile nmbilieal bernia is a small hernia that 
sometimes occurs in ehildren and is caused by a vveakness in 
the sear of the umbilicus in the linea alba (see Fig. 4.44). Most 
beeome smaller and disappearvvithouttreatmentasthe abdomi- 
nal eavity enlarges. 

Aegnired nmbilieal bernia of adnlts is more eorreetly 
referred to as a paranmbilieal bernia. The hernial sae does not 
protrude through the umbilical sear, butthrough the linea alba in 
the region of the umbilicus (see Fig. 4.44). Paraumbilical herniae 
gradually inerease in size and hang dovvnvvard. The neek of the 
sae may be narrovv, but the body of the sae often eontains eoils 
of small and large intestines and omentum. Paraumbilical her- 
niae are much more eommon in vvomen than in men. 


Epigastrie Hernia 

Epigastrie hernia occurs through the vvidest part of the linea 
alba, anyvvhere betvveen the xiphoid proeess and the umbili- 
cus. The hernia is usually small and starts off as a small pro- 
trusion of extraperitoneal fat betvveen the fibers of the linea 
alba. During the follovving months or years, the fat is foreed 
farther through the linea alba and eventually drags behind it 
a small peritoneal sae. The body of the sae often eontains a 
small pieee of greater omentum. It is eommon in middle-aged 
manual vvorkers. 


Separation of tbe Reeti Abdominis 

Separation of the reeti abdominis occurs in elderly multiparous 
vvomen vvith vveak abdominal muscles (see Fig. 4.44). In this 
eondition, the aponeuroses forming the rectus sheath beeome 
excessively stretehed. When the patient coughs or strains, 
the reeti separate vvidely, and a large hernial sae, eontaining 
abdominal viseera, bulges forvvard betvveen the medial margins 
of the reeti. This ean be eorreeted by vvearing a suitable abdomi- 
nal belt. 


ineisional Hernia 

A postoperative ineisional hernia is most likely to occur in 
patients in vvhom it vvas neeessary to cut one of the segmen- 
tal nerves supplying the muscles of the anterior abdominal 
vvall; postoperative vvound infeetion vvith death (neerosis) of 
the abdominal musculature is also a eommon cause. The neek 
of the sae is usually large, and adhesion and strangulation of 
its eontents are rare eomplieations. In very obese individuals, 
the extent of the abdominal vvall vveakness is often difficult to 
assess. 


(eontinaedj 



FIGURE4.44 A. Gongenital ymbilieal hernia. B. Infantile umbilical hernia. C. Paraumbilical hernia. D. Epigastrie hernia. 
E. Separation of reeti abdominis. 
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Hernia of the Linea Semilnnaris (Spigelian Hernia) 

The uncommon hernia of the linea semilunaris occurs through 
the aponeurosis of the transversus abdominis just lateral to the 
lateral edge of the rectus sheath. It usually occurs just belovv the 
level of the umbilicus. The neek of the sae is narrovv, so that adhe- 
sion and strangulation of its eontents are eommon eomplieations. 

Lnmbar Hernia 

The lumbar hernia occurs through the lumbar triangle and is 
rare. The lumbar triangle (Petit's triangle) is a vveak area in the 
posterior part of the abdominal vvall. It is bounded anteriorly by 
the posterior margin of the external oblique muscle, posteriorly 
by the anterior border of the latissimus dorsi muscle, and inferi- 
orly by the iliae erest. The floor of the triangle is formed by the 
internal oblique and the transversus abdominis muscles. The 
neek of the hernia is usually large, and the ineidenee of stran- 
gulation lovv. 

Internal Hernia 

Oeeasionally, a loop of intestine enters a peritoneal reeess (e.g., 
the lesser sae orthe duodenal reeesses) and beeomes strangu- 
lated atthe edges of the reeess (see page 166). 

Abdomínal Stab Wounds 

Abdominal stab vvounds may or may not penetrate the parietal 
peritoneum and violate the peritoneal eavity and consequently 
may or may not signifieantly damage the abdominal viseera. The 
structures in the various layers through vvhieh an abdominal stab 
vvound penetrates depend on the anatomie loeation. 

Lateral to the rectus sheath are the follovving: skin, fatty layer 
of superficial faseia, membranous layer of superficial faseia, thin 
layer of deep faseia, external oblique muscle or aponeurosis, 
internal oblique muscle or aponeurosis, transversus abdominis 
muscle or aponeurosis, faseia transversalis, extraperitoneal 
eonneetive tissue (often fatty), and parietal peritoneum. 

Anterior to the rectus sheath are the follovving: skin, fatty 
layer of superficial faseia, membranous layer of superficial 
faseia, thin layer of deep faseia, anterior vvall of rectus sheath, 
rectus abdominis muscle vvith segmental nerves and epigastrie 
vessels lying behind the muscle, posterior vvall of rectus sheath, 
faseia transversalis, extraperitoneal eonneetive tissue (often 
fatty), and parietal peritoneum. 

In the midline are the follovving: skin, fatty layer of superficial 
faseia, membranous layer of superficial faseia, thin layer of deep 
faseia, fibrous linea alba, faseia transversalis, extraperitoneal 
eonneetive tissue (often fatty), and parietal peritoneum. 

In an abdominal stab vvound, vvashing out the peritoneal 
eavity vvith saline solution (peritoneal lavage) ean be used to 
determine vvhether any damage to viseera or blood vessels has 
occurred. 

Abdominal Gnnsbot Wounds 

Gunshot vvounds are much more serious than stab vvounds; in 
most patients, the peritoneal eavity has been entered, and sig- 
nifieant viseeral damage has ensued. 

Surgical ineisions 

The length and direetion of surgical ineisions through the ante- 
rior abdominal vvall to expose the underlying viseera are largely 


governed by the position and direetion of the nerves of the 
abdominal vvall, the direetion of the muscle fibers, and the 
arrangement of the aponeuroses forming the rectus sheath. 
Ideally, the ineision should be made in the direetion of the lines 
of eleavage in the skin so that a hairline sear is produced. The 
surgeon usually has to eompromise, plaeing the safety of the 
patient first and the eosmetie result seeond. 

ineisions that neeessitate the division of one of the main seg- 
mental nerves lying vvithin the abdominal vvall result in paralysis 
of part of the anterior abdominal musculature and a segment of 
the rectus abdominis. The consequent vveakness of the abdomi- 
nal musculature causes an unsightly bulging forvvard of the 
abdominal vvall and viseeroptosis; extreme eases may require a 
surgical beltfor support. 

If the ineision ean be made in the line of the muscle fibers 
or aponeurotic fibers as eaeh layer is traversed, on elosing the 
ineision the fibers fall baek into position and function normally. 

ineisions through the rectus sheath are vvidely used, pro- 
vided thatthe rectus abdominis muscle and its nerve supply are 
kept intaet. On closure of the ineisions, the anterior and poste- 
rior vvalls of the sheath are sutured separately, and the rectus 
muscle springs baek into position betvveen the suture lines. The 
result is a very strong repair, vvith minimum interferenee vvith 
function. 

The follovving ineisions are eommonly used. 

■ Paramedian ineision. This may be supraumbilical, for 
exposure of the upper part of the abdominal eavity, or in- 
fraumbilical, for the lovver abdomen and pelvis. In extensive 
operations in vvhieh a large exposure is required, the inei- 
sion ean run the full length of the rectus sheath. The ante- 
rior vvall of the rectus sheath is exposed and ineised about 
1 in. (2.5 em) from the midline. The medial edge of the inei- 
sion is disseeted medially, freeing the anterior vvall of the 
sheath from the tendinous interseetions of the rectus mus- 
ele. The rectus abdominis muscle is retraeted laterally vvith 
its nerve supply intaet, and the posterior vvall of the sheath 
is exposed. The posterior vvall is then ineised, together vvith 
the faseia transversalis and the peritoneum. The vvound is 
elosed in layers. 

■ Pararectus ineision. The anterior vvall of the rectus sheath is 
ineised medially and parallel to the lateral margin of the ree- 
tus muscle. The rectus is freed and retraeted medially, expos- 
ing the segmental nerves entering its posterior surface. If the 
opening into the abdominal eavity is to be small, these nerves 
may be retraeted upvvard and dovvnvvard. The posterior vvall 
of the sheath is then ineised, as in the paramedian ineision. 
The great disadvantage of this ineision is that the opening 
is small, and any longitudinal extension requires that one or 
more segmental nerves to the rectus abdominis be divided, 
vvith resultant postoperative rectus muscle vveakness. 

■ Midline ineision. This ineision is made through the linea alba. 
The faseia transversalis, the extraperitoneal eonneetive tis- 
sue, and the peritoneum are then ineised. It is easier to per- 
form above the umbilicus because the linea alba is vvider in 
that region. It is a rapid method of gaining entranee to the ab- 
domen and has the obvious advantage that it does not dam- 
age muscles ortheir nerve and blood supplies. Midline inei- 
sion has the additional advantage that it may be eonverted 
into a T-shaped ineision for greater exposure. The anterior 
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and posterior vvalls of the rectus sheath are then cut aeross 
transversely, and the rectus muscle is retraeted laterally. 

■ Transrectus ineision. The technique of making and elosíng of 
this ineision is the same as that used in the paramedian inei- 
sion, exceptthatthe rectus abdominis muscle is ineised lon- 
gitudinally and not retraeted laterally from the midline. This 
ineision has the great disadvantage of seetioning the nerve 
supplyto that partof the musclethatlies medialto the muscle 
ineision. 

■ Transverse ineision. This ean be made above or belovv the 
umbilicus and ean be small or so large that it extends from 
flank to flank. It ean be made through the rectus sheath and 
the rectus abdominis muscles and through the oblique and 
transversus abdominis muscles laterally. It is rare to dam- 
age more than one segmental nerve so that postoperative 
abdominal vveakness is minimal. The ineision gives good 
exposure and is vvell tolerated by the patient. Closure of the 
vvound is made in layers. It is unnecessary to suture the cut 
ends of the rectus muscles, provided that the sheaths are 
carefully repaired. 

■ Muscle splitting or McBurney's ineision. This is ehiefly used 
for eeeostomy and appendeetomy. It gives a limited expo- 
sure only, and should any doubt arise about the diagnosis, 
an infraumbilical right paramedian ineision should be used 
instead. 

An oblique skin ineision is made in the right iliae region about 
2 in. (5 em) above and medial to the anterior superior iliae spine. 
The external and internal oblique and transversus muscles are 
ineised or split in the line of their fibers and retraeted to expose 
the faseia transversalis and the peritoneum. The latter are novv 
ineised and the abdominal eavity is opened. The ineision is 
elosed in layers, vvith no postoperative vveakness. 

■ Abdominothoraeie ineision. This is used to expose the lovver 
end of the esophagus, as, for example, in esophagogastrie 
reseetion for eareinoma of this region. An upper oblique or 
paramedian abdominal ineision is extended upvvard and lat- 
erally into the seventh, eighth, or ninth intereostal spaee, the 


eostal areh is transeeted, and the diaphragm is ineised. Wide 
exposure of the upper abdomen and thorax is then obtained 
by the use of a rib-spreading retraetor. 

On eompletion of the operation, the diaphragm is repaired 
vvith nonabsorbable sutures, the eostal margin is reconstructed, 
and the abdominal and thoraeie vvounds are elosed. 


Paraeentesìs of the Abdomen 

Paraeentesis of the abdomen may be neeessary to vvithdravv 
excessive eolleetions of peritoneal fluid, as in aseites seeond- 
ary to eirrhosis of the liver or malignant aseites seeondary to 
advaneed ovarian eaneer. Llnder a loeal anesthetie, a needle 
or eatheter is inserted through the anterior abdominal vvall. The 
underlying eoils of intestine are not damaged because they are 
mobile and are pushed avvay by the cannula. 

If the cannula is inserted in the midline (Fig. 4.45), it vvill pass 
through the follovving anatomie structures: skin, superficial fas- 
eia, deep faseia (very thin), linea alba (virtually bloodless),fascia 
transversalis, extraperitoneal eonneetive tissue (fatty), and pari- 
etal peritoneum. 

If the cannula is inserted in the flank (see Fig. 4.45) lateral 
to the inferior epigastrie artery and above the deep circumflex 
artery, it vvill pass through the follovving: skin, superficial fas- 
eia, deep faseia (very thin), aponeurosis or muscle of external 
oblique, internal oblique muscle, transversus abdominis muscle, 
faseia transversalis, extraperitoneal eonneetive tissue (fatty), 
and parietal peritoneum. 


Anatomy of Peritoneal Lavage 

Peritoneal lavage is used to sample the intraperitoneal spaee for 
evidenee of damage to viseera and blood vessels. It is gener- 
ally employed as a diagnostie technique in eertain eases of blunt 
abdominal trauma. In nontrauma situations, peritoneal lavage 
has been used to eonfirm the diagnosis of acute panereatitis 
and primary peritonitis, to eorreet hypothermia, and to conduct 
dialysis. 


(eontinaedj 
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FIGURE 4.45 Paraeentesis of the abdominal eavity in midline (1) and laterally (2). 
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FIGURE4.46 Peritoneal lavage. A.The tvvo eonnmon sites used in this procedure. Note the positions of the superior and infe- 
rior epigastrie arteries in the rectus sheath. B. Gross seetion of the anterior abdominal vvall in the midline. Note the structures 
piereed by the eatheter. C. Gross seetion of the anterior abdominal vvall just lateral to the umbilicus. Note the structures 
piereed by the eatheter. The rectus muscle has been retraeted laterally. 
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The patient is plaeed in the supine position, and the urinary 
bladder is emptied by eatheterization. In small ehildren, the blad- 
der is an abdominal organ (see page 271); in adults, the full bladder 
may rise out of the pelvis and reaeh as high as the umbilicus (see 
page 260). The stomaeh is emptied by a nasogastrie tube because a 
distended stomaeh may extend to the anterior abdominal wall. The 
skin is anesthetized, and a 2.25-in. (3-em) vertieal ineision is made. 


Midline ineision Technique 

The following anatomie structures are penetrated, in order, 
to reaeh the parietal peritoneum (Fig. 4.46): skin, fatty layer of 
superficial faseia, membranous layer of superficial faseia, thin 
layer of deep faseia, linea alba, faseia transversalis, extraperito- 
neal fat, and parietal peritoneum. 


Paraumbilical ineision Technique 

The following anatomie structures are penetrated, in order, to 
reaeh the parietal peritoneum (see Fig. 4.46): skin, fatty layer of 
superficial faseia, membranous layer of superficial faseia, thin 
layer of deep faseia, anterior wall of rectus sheath, the rectus 
abdominis muscle is retraeted, posterior wall of the rectus sheath, 
faseia transversalis, extraperitoneal fat, and parietal peritoneum. 

It is important that all the small blood vessels in the superfi- 
eial faseia be secured, because bleeding into the peritoneal eav- 
ity might produce a false-positive result. These vessels are the 
terminal branehes of the superficial and deep epigastrie arteries 
and veins. 



Anatomy of the Complications of Peritoneal Lavage 

In the midline technique, the ineision or troear may miss the 
linea alba, enter the rectus sheath, traverse the vascular 
rectus abdominis muscle, and encounter branehes of the epi- 
gastrie vessels. Bleeding from this source could produce a 
false-positive result. 

Perforation of the gut by the sealpel ortroear 
Perforation of the mesenterie blood vessels or vessels on the 
posterior abdominal wall or pelvie walls 
Perforation of a full bladder 
Wound infeetion 






Endoseopie Snrgery 

Endoseopie surgery on the gallbladder, bile ducts, and the 
appendix has beeome a eommon procedure. It involves the pas- 
sage of the endoseope into the peritoneal eavity through small 
ineisions in the anterior abdominal wall. The anatomie structures 
traversed by the instruments are similar to those enumerated 
for peritoneal lavage. Great eare must be taken to preserve the 
integrity of the segmental nerves as they course down from the 
eostal margin to supply the abdominal musculature. 

The advantages of this surgical technique are that the ana- 
tomie and physiologie features of the anterior abdominal wall 
are disrupted only minimally and, consequently, eonvaleseenee 
is brief. The great disadvantages are that the surgical field is 
small, and the surgeon is limited in the extent of the operation 
(Fig.4.47). 



FIGURE 4.47 lnguinal eanal anatomy as vievved during laparoseopie exploration of the peritoneal eavity. A.The normal anat- 
omy of the inguinal region from vvithin the peritoneal eavity. Blaek arrovv ìnóìeates the elosed deep inguinal ring; vvhite arrovv, 
the inferior epigastrie vessels. B. An indireet inguinal hernia. Curved blaek arrovv ìnóìeates the mouth of the hernial sae; vvhite 
arrovv, the inferior epigastrie vessels. (Courtesy of N.S. Adziek.) 
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Radiographig Anatomy 


For a detailed discussion, see page 226. 


SURFACE AnATOMY 


Surface Landmarks of the Abdominal 
WaU 

Xiphoid Proeess 

The xiphoid proeess is the thin cartilaginous lower part 
of the sternum. It is easily palpated in the depression where 
the eostal margins meet in the upper part of the anterior 
abdominal wall (see Figs. 4.11 and 4.12). The xiphisternal 
jnnetion is identified by feeling the lower edge of the body 
of the sternnm, and it lies opposite the body of the ninth 
thoraeie vertebra. 

Gostal Margin 

The eostal margin is the curved lower margin of the tho- 
raeie wall and is formed in front by the eartilages of the 7th, 
8th, 9th, and lOth ribs (see Figs. 4.11 and 4.12) and behind 
by the eartilages of the 1 Ith and 12th ribs. The eostal mar- 
gin reaehes its lowest level at the lOth eostal eartilage, which 
lies opposite the body of the 3rd lumbar vertebra. The 12th 
rib may be short and diffienlt to palpate. 

lliae Grest 

The iliae erest ean be felt along its entire length and ends 
in front at the anterior snperior iliae spine (see Figs. 4.11 
and 4.12) and behind at the posterior snperior iliae spine 
(Fig. 4.49). Its highest point lies opposite the body of the 
4th lumbar vertebra. 

About 2 in. (5 em) posterior to the anterior snperior 
iliae spine, the outer margin projeets to form the tnberele 
of the erest (see Fig. 4.12). The tnberele lies at the level of 
the body of the 5th lumbar vertebra. 

Pubic Tubercle 

The pubic tubercle is an important snrfaee landmark. It 
may be identified as a small protnberanee along the supe- 
rior surface of the pubis (see Figs. 4.3,4.12, and 4.32). 

Symphysis Pubis 

The symphysis pubis is the cartilaginous joint that lies in 
the midline between the bodies of the pubic bones (see Fig. 
4.11). It is felt as a solid structure beneath the skin in the 
midline at the lower extremity of the anterior abdominal 
wall. The pnbie erest is the name given to the ridge on the 
snperior snrfaee of the pubic bones medial to the pubic 
tubercle (see Fig. 4.32). 



Inguinal Ligament 

The inguinal ligament lies beneath a skin erease in the 
groin. It is the rolled-under inferior margin of the aponeu- 
rosis of the external oblique muscle (see Figs. 4.2, 4.6, and 
4.11). It is attaehed laterally to the anterior snperior iliae 
spine and curves downward and medially, to be attaehed to 
the pubic tubercle. 

Snperfìeial Ingninal Ring 

The superficial inguinal ring is a triangnlar apertnre in the 
aponenrosis of the external oblique muscle and is sitnated 
above and medial to the pubic tubercle (see Figs. 4.2, 4.3, 
4.8, and 4.12). In the adult male, the margins of the ring 
ean be felt by invaginating the skin of the upper part of 
the scrotum with the tip of the little finger. The soft tubu- 
lar spermatie eord ean be felt emerging from the ring and 
deseending over or medial to the pubic tubercle into the 
serotnm (see Fig. 4.8). Palpate the spermatie eord in the 
upper part of the scrotum between the finger and thumb 
and note the presenee of a firm eordlike structure in its pos- 
terior part ealled the vas deferens (see Figs. 4.5 and 4.21). 

In the female, the snperfieial ingninal ring is smaller and 
diffienlt to palpate; it transmits the round ligament of the 
uterus. 

Scrotum 

The scrotum is a pouch of skin and faseia eontaining the 
testes, the epididymides, and the lower ends of the sper- 
matie eords. The skin of the serotnm is wrinkled and is eov- 
ered with sparse hairs. The bilateral origin of the serotnm 
is indieated by the presenee of a dark line in the midline, 
ealled the serotal raphe, along the line of fiision. The testis 
on eaeh side is a firm ovoid body surrounded on its lateral, 
anterior, and medial snrfaees by the two layers of the tunica 
vaginalis (see Fig. 4.21). The testis should therefore lie free 
and not tethered to the skin or subcutaneous tissue. Poste- 
rior to the testis is an elongated structure, the epididymis 
(see Fig. 4.21). It has an enlarged upper end ealled the head, 
a body, and a narrow lower end, the tail. The vas deferens 
emerges from the tail and aseends medial to the epididymis 
to enter the spermatie eord at the upper end of the serotnm. 

Linea Alba 

The linea alba is a vertieally rnnning fibrons band that 
extends from the symphysis pubis to the xiphoid proeess 
and lies in the midline (see Fig. 4.3). It is formed by the 
fiision of the aponenroses of the mnseles of the anterior 
abdominal wall and is represented on the snrfaee by a slight 
median groove (see Figs. 4.11 and 4.12). 

Umbilicus 

The umbilicus lies in the linea alba and is ineonstant in 
position. It is a pnekered sear and is the site of attaehment 
of the nmbilieal eord in the fetus. 
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Rectus Abdominis 

The rectus abdominis muscles lie on either side of the linea 
alba (see Fig. 4.11) and run vertieally in the abdominal wall; 
they ean be made prominent by asking the patient to raise 
the shonlders while in the supine position without using 
the arms. 

Tendinous interseetions of the Rectus 
Abdominis 

The tendinous interseetions are three in number and run 
aeross the rectus abdominis muscle. In muscular individu- 
als, they ean be palpated as transverse depressions at the 
level of the tip of the xiphoid proeess, at the umbilicus, and 
halfvvay between the two (see Fig. 4.11). 

Linea Semilunaris 

The linea semilunaris is the lateral edge of the rectus 
abdominis muscle and erosses the eostal margin at the tip 
of the ninth eostal eartilage (see Figs. 4.11 and 4.12). To 
accentuate the semilunar lines, the patient is asked to lie 
on the baek and raise the shonlders off the couch without 
using the arms. To aeeomplish this, the patient eontraets 
the rectus abdominis mnseles so that their lateral edges 
stand out. 

Abdomìnal Lines and Planes 

Vertieal lines and horizontal planes (see Fig. 4.12) are eom- 
monly used to faeilitate the deseription of the loeation of 
diseased structures or the performing of abdominal pro- 
cedures. 

Vertieal Lines 

Eaeh vertieal line (right and left) passes through the mid- 
point between the anterior superior iliae spine and the 
symphysis pubis. 

Transpylorie Plane 

The horizontal transpylorie plane passes through the tips 
of the ninth eostal eartilages on the two sides—that is, the 
point where the lateral margin of the rectus abdominis 
(linea semilunaris) erosses the eostal margin (see Fig. 4.12). 
It lies at the level of the body of the Ist lumbar vertebra. 
This plane passes through the pylorus of the stomaeh, the 
duodenojejunal junction, the neek of the panereas, and the 
hila of the kidneys. 

Snbeostal Plane 

The horizontal subcostal plane joins the lowest point of the 
eostal margin on eaeh side—that is, the lOth eostal eartilage 
(see Fig. 4.12). This plane lies at the level of the 3rd lumbar 
vertebra. 

intereristal Plane 

The intereristal plane passes aeross the highest points 
on the iliae erests and lies on the level of the body of the 


4th lumbar vertebra. This is eommonly used as a sur- 
faee landmark when performing a lumbar spinal tap (see 
page 704). 

intertnberenlar Plane 

The horizontal intertubercular plane joins the tubercles on 
the iliae erests (see Fig. 4.12) and lies at the level of the 5th 
lumbar vertebra. 

Abdomìnal Quadrants 

It is eommon praetiee to divide the abdomen into quad- 
rants by using a vertieal and a horizontal line that inter- 
seet at the umbilicus (see Fig. 4.12). The quadrants are the 
upper right, upper left, lower right, and lower left. The 
terms epigastrium and periumbilical are loosely used to 
indieate the area below the xiphoid proeess and above the 
umbilicus and the area around the umbilicus, respeetively. 

Snrfaee Landmarks of the Abdominal 
Viseera 

It must be emphasized that the positions of most of the 
abdominal viseera show individnal variations as well as 
variations in the same person at different times. Posture 
and respiration have a profonnd infinenee on the position 
of viseera. 

The following organs are more or less fixed, and their 
surface markings are of elinieal value. 

Liver 

The liver lies under eover of the lower ribs, and most of 
its bulk lies on the right side (Fig. 4.48). In infants, until 
about the end of the third year, the lower margin of the liver 
extends one or two fingerbreadths below the eostal mar- 
gin (see Fig. 4.48). In the adult who is obese or has a well- 
developed right rectus abdominis muscle, the liver is not 
palpable. In a thin adult, the lower edge of the liver may be 
felt a fingerbreadth below the eostal margin. It is most eas- 
ily felt when the patient inspires deeply and the diaphragm 
eontraets and pushes down the liver. 

Gallbladder 

The fundus of the gallbladder lies opposite the tip of the 
right ninth eostal eartilage—that is, where the lateral edge 
of the right rectus abdominis muscle erosses the eostal 
margin (see Fig. 4.48). 

Spleen 

The spleen is situated in the left upper quadrant and lies 
under eover of the 9th, lOth, and llth ribs (see Fig. 4.48). 
Its long axis eorresponds to that of the lOth rib, and in the 
adult it does not normally projeet forward in front of the 
midaxillary line. In infants, the lower pole of the spleen 
may just be felt (see Fig. 4.48). 
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FIGLIRE 4.48 Surface markings of the fundus of the gallbladder, spleen, and liver. In a young ehild, the lovver margin of the 
normal liver and the lovver pole of the normal spleen ean be palpated. In a thin adult, the lovver margin of the normal liver 
may just be felt at the end of deep inspiration. 


Panereas 

The panereas lies aeross the transpylorie plane. The head 
lies below and to the right, the neek lies on the plane, and 
the body and tail lie above and to the left. 

Kidneys 

The right kidney lies at a slightly lower level than the left 
kidney (beeanse of the bulk of the right lobe of the liver), 
and the lower pole ean be palpated in the right lumbar 


region at the end of deep inspiration in a person with 
poorly developed abdominal mnseles. Eaeh kidney moves 
about 1 in. (2.5 em) in a vertieal direetion during fnll res- 
piratory movement of the diaphragm. The normal left kid- 
ney, which is higher than the right kidney, is not palpable. 

On the anterior abdominal wall, the hilum of eaeh 
kidney lies on the transpylorie plane, about three finger- 
breadths from the midline (see Fig. 4.49). On the baek, the 
kidneys extend from the 12th thoraeie spine to the 3rd lum- 
bar spine, and the hili are opposite the Ist lumbar vertebra 
(see Fig. 4.49). 
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FIGURE 4.49 A. Surface anatomy of the kidneys and ureters on the anterior abdominal wall. Note the relationship of the 
hilum of eaeh kidney to the transpylorie plane. B. Surface anatomy of the kidneys on the posterior abdominal wall. 


Stomaeh 

The eardioesophageal junction lies about three finger- 
breadths below and to the left of the xiphisternal junction 
(the esophagns pierees the diaphragm at the level of the 
lOth thoraeie vertebra). 

The pylorus lies on the transpylorie plane just to the 
right of the midline. The lesser curvature lies on a curved 


line joining the eardioesophageal jnnetion and the pylorns. 
The greater curvature has an extremely variable position 
in the nmbilieal region or below. 

Duodenum (First Part) 

The duodenum lies on the transpylorie plane about four 
fingerbreadths to the right of the midline. 
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Cecum 

The cecum is situated in the right lower quadrant. It is 
often distended with gas and gives a resonant sound when 
perenssed. It ean be palpated throngh the anterior abdomi- 
nal wall. 

Appendix 

The appendix lies in the right Iower quadrant. The base of 
the appendbe is sitnated one third of the way up the line, 
joining the anterior snperior iliae spine to the umbilicus 
(McBurneys point). The position of the free end of the 
appendix is variable. 

Aseending Golon 

The aseending eolon extends upward from the cecum on 
the lateral side of the right vertieal line and disappears 
under the right eostal margin. It ean be palpated throngh 
the anterior abdominal wall. 

Transverse Golon 

The transverse eolon extends aeross the abdomen, occu- 
pying the nmbilieal region. It arehes downward with its 
eoneavity direeted upward. Because it has a mesentery, its 
position is variable. 

Deseending Golon 

The deseending eolon extends downward from the left eos- 
tal margin on the lateral side of the left vertieal line. In the 


left lower quadrant, it curves medially and downward to 
beeome continuous with the sigmoid eolon. The deseend- 
ing eolon has a smaller diameter than the aseending eolon 
and ean be palpated throngh the anterior abdominal wall. 

LJrinary Bladder and Pregnant Uterus 

The ftill bladder and pregnant uterus ean be palpated 
throngh the lower part of the anterior abdominal wall 
above the symphysis pubis (see page 260). 

Aorta 

The aorta lies in the midline of the abdomen and biftireates 
below into the right and left eommon iliae arteries opposite 
the 4th lumbar vertebra—that is, on the intereristal plane. 
The pnlsations of the aorta ean be easily palpated throngh 
the upper part of the anterior abdominal wall just to the left 
of the midline. 

External lliae Artery 

The pnlsations of this artery ean be felt as it passes under 
the ingninal ligament to beeome continuous with the fem- 
oral artery. It ean be loeated at a point halfvvay between the 
anterior snperior iliae spine and the symphysis pubis. 

eiinieal Cases and Review Questions 
are available online at 

www.thePoint.lww.com/Snell9e. 








A 15-year-old boy eomplaining of pain in the lovver right part of the anterior abdominal vvall vvas 

seen by a physieian. On examination, he vvas found to have a temperature of lOTF (38.3°C). 
He had a furred tongue and vvas extremely tender in the lovver right quadrant. The abdomi- 
nal muscles in that area vvere found to be firm (rigid) on palpation and beeame more spastie vvhen 
inereased pressure vvas applied (guarding). A diagnosis of acute appendieitis vvas made. 

Inflammation of the appendix initially is a loealized disease giving rise to pain that is often referred 
to the umbilicus. Later, the inflammatory proeess spreads to involve the peritoneum eovering the 
appendix, producing a loealized peritonitis. If the appendix ruptures, further spread occurs and a more 
generalized peritonitis is produced. Inflammation of the peritoneum lining the anterior abdominal vvall 
(parietal peritoneum) causes pain and reflex spasm of the anterior abdominal muscles. This ean be 
explained by the faet that the parietal peritoneum, the abdominal muscles, and the overlying skin are 
supplied by the same segmental nerves. This is a proteetive meehanism to keep that area of the abdo- 
men at rest so that the inflammatory proeess remains loealized. 

The understanding of the symptoms and signs of appendieitis depends on having a vvorking knovvl- 
edge of the anatomy of the appendix, including its nerve supply, blood supply, and relationships vvith 
other abdominal structures. 
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GHAPTER OBJEGTIVES 


■ The abdominal eavity eontains many vital organs, including 
the gastrointestinal traet, liver, biliary ducts, panereas, spleen, 
and parts of the urinary system. These structures are elosely 
paeked vvithin the abdominal eavity; therefore, disease of 
one ean easily involve another. Gastrointestinal traet inflam- 
mation and bleeding, malignant disease, and penetrating 
trauma to the abdomen are just some of the problems faeing 
the physieian. 


■ Emergeney problems involving the urinary system are eommon 
and may present diverse symptoms ranging from excruciating 
pain to failure to void urine. 

■ Within the abdomen also lie the aorta and its branehes, the infe- 
rior vena eava and its tributaries, and the important portal vein. 

■ The purpose of this ehapter is to give the student an under- 
standing of the signifieant anatomy relative to elinieal problems. 
Examiners ean ask many good questions regarding this region. 



Basig Anatomy 


General Arrangement of the 
Abdomìnal Viseera 

Liver 

The liver is a large organ that oeenpies the npper part of the 
abdominal eavity (Figs. 5.1 and 5.2). It lies almost entirely 
nnder the eover of the ribs and eostal eartilages and extends 
aeross the epigastrie region. 

Gallbladder 

The gallbladder is a pear-shaped sae that is adherent to the 
nndersnrfaee of the right lobe of the liver; its blind end, 


or fundus, projeets below the inferior border of the liver 
(Figs. 5.1 and 5.2). 

Esophagns 

The esophagns is a tubular structure that joins the phar- 
ynx to the stomaeh. The esophagns pierees the diaphragm 
slightly to the left of the midline and after a short course of 
about 0.5 in. (1.25 em) enters the stomaeh on its right side. 
It is deeply plaeed, lying behind the left lobe of the liver 
(Fig. 5.1). 

Stomaeh 

The stomaeh is a dilated part of the alimentary eanal 
between the esophagns and the small intestine (Figs. 5.1 
and 5.2). It oeenpies the left upper quadrant, epigastrie, and 
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FIGURE 5.1 General arrangement of abdominal viseera 


umbilical regions, and much of it lies under eover of the 
ribs. Its long axis passes downward and forward to the right 
and then backward and slightly upward. 

Small Intestine 

The small intestine is divided into three regions: duode- 
num, jejunum, and ileum. The duodenum is the first part 
of the small intestine, and most of it is deeply plaeed on 
the posterior abdominal wall. It is sitnated in the epigastrie 
and nmbilieal regions. It is a C-shaped tube that extends 
from the stomaeh around the head of the panereas to join 
the jejunum (Fig. 5.1). About halfway down its length, the 
small intestine reeeives the bile and the panereatie ducts. 

The jejunum and ileum together measnre about 20 ft 
(6 m) long; the upper two fifths of this length make up 
the jejunum. The jejunum begins at the duodenojeju- 
nal jnnetion, and the ileum ends at the ileoeeeal jnnetion 
(Fig. 5.1). The eoils of jejunum occupy the upper left part 
of the abdominal eavity, whereas the ileum tends to occupy 
the lower right part of the abdominal eavity and the pelvie 
eavity (Fig. 5.3). 

Large Intestine 

The large intestine is divided into the cecum, appen- 
dix, aseending eolon, transverse eolon, deseending eolon. 


sigmoid eolon, rectum, and anal eanal (Fig. 5.1). The large 
intestine arehes around and eneloses the eoils of the small 
intestine (Fig. 5.3) and tends to be more fixed than the 
small intestine. 


stomaeh 

li\/or / 



FIGURE5.2 Abdom inal organs in situ. Note that the greater 
omentum hangs down in front of the small and large 
intestines. 
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FIGURE 5.3 Abdominal eontents after the greater omentum 
has been refleeted upward. Goils of small intestine occupy 
the eentral part of the abdominal eavity, whereas aseending, 
transverse, and deseending parts of the eolon are loeated at 
the periphery. 


The cecum is a blind-ended sae that projeets down- 
ward in the right iliae region below the ileoeeeal jnnetion 
(Figs. 5.1 and 5.3). The appendix is a worm-shaped tube 
that arises from its medial side (Fig. 5.1). 

The aseending eolon extends upward from the cecum to 
the inferior snrfaee of the right lobe of the liver, oeenpying 


the right lower and upper quadrants (Figs. 5.1 and 5.3). On 
reaehing the liver, it bends to the left, forming the right eolie 
flexure. 

The transverse eolon erosses the abdomen in the umbil- 
ieal region from the right eolie f[exure to the left eolie flex- 
ure (Figs. 5.1 and 5.3). It forms a wide U-shaped curve. In 
the ereet position, the lower part of the U may extend down 
into the pelvis. The transverse eolon, on reaehing the region 
of the spleen, bends downward, forming the left eolie flex- 
ure to beeome the deseending eolon. 

The deseending eolon extends from the left eolie f[exure 
to the pelvis below (Figs. 5.1 and 5.3). It oeenpies the left 
upper and lower quadrants. 

The sigmoid eolon begins at the pelvie inlet, where it is 
a eontinnation of the deseending eolon (Fig. 5.1). It hangs 
down into the pelvie eavity in the form of a loop. It joins 
the rectum in front of the saernm. 

The rectum oeenpies the posterior part of the pelvie 
eavity (Fig. 5.1). It is continuous above with the sigmoid 
eolon and deseends in front of the saernm to leave the pel- 
vis by piereing the pelvie floor. Here, it beeomes continuous 
with the anal eanal in the perinenm. 

Panereas 

The panereas is a soft, lobnlated organ that stretehes 
obliquely aeross the posterior abdominal wall in the epi- 
gastrie region (Fig. 5.4). It is sitnated behind the stomaeh 
and extends from the duodenum to the spleen. 

Spleen 

The spleen is a soft mass of lymphatie tissue that occupies 
the left upper part of the abdomen between the stomaeh 
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FIGURE 5.4 Structures situated on the posterior abdominal wall behind the stomaeh. 
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and the diaphragm (Fig. 5.4). It lies along the long axis of 
the lOth left rib. 

Kidneys 

The kidneys are two reddish brown organs sitnated high 
up on the posterior abdominal wall, one on eaeh side 
of the vertebral column (Fig. 5.4). The left kidney lies 
slightly higher than the right (beeanse the left lobe of 
the liver is smaller than the right). Eaeh kidney gives rise 
to a ureter that runs vertieally downward on the psoas 
muscle. 

Snprarenal Glands 

The suprarenal glands are two yellowish organs that lie on 
the upper poles of the kidneys (Fig. 5.4) on the posterior 
abdominal wall. 

Peritoneum 

General Arrangement 

The peritonenm is a thin serous membrane that lines the 
walls of the abdominal and pelvie eavities and elothes 
the viseera (Figs. 5.5 and 5.6). The peritonenm ean be 


regarded as a balloon against which organs are pressed 
from ontside. The parietal peritoneum lines the walls of 
the abdominal and pelvie eavities, and the viseeral peri- 
toneum eovers the organs. The potential spaee between 
the parietal and viseeral layers, which is in effeet the inside 
spaee of the balloon, is ealled the peritoneal eavity. In 
males, this is a elosed eavity, but in females, there is eom- 
mnnieation with the exterior throngh the nterine tubes, 
the uterus, and the vagina. 

Between the parietal peritonenm and the faseial lining 
of the abdominal and pelvie walls is a layer of eonneetive 
tissue ealled the extraperitoneal tissue; in the area of the 
kidneys, this tissue eontains a large amount of fat, which 
snpports the kidneys. 

The peritoneal eavity is the largest eavity in the body 
and is divided into two parts: the greater sae and the lesser 
sae (Figs. 5.5 and 5.6). The greater sae is the main eom- 
partment and extends from the diaphragm down into the 
pelvis. The lesser sae is smaller and lies behind the stom- 
aeh. The greater and lesser saes are in free eommnnieation 
with one another throngh an oval window ealled the open- 
ing of the lesser sae, or the epiploie foramen (Figs. 5.5 
and 5.7). The peritonenm seeretes a small amount of 
serous f[uid, the peritoneal fluid, which lubricates the 
surfaces of the peritoneum and allows free movement 
between the viseera. 
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FIGURE 5.5 Transverse seetions of the abdomen shovving the arrangement of the peritoneum. The arrovv in B indieates the 
position of the opening of the lesser sae.These seetions are vievved from belovv. 
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FIGURE 5.6 Sagittal seetion of the fennale abdonnen shovving the arrangement of the peritoneum 



FIGURE 5.7 Sagittal seetion through the entranee into the 
lesser sae shovving the important structures that form 
boundaries to the opening. (Note the arrovv passing from 
the greater sae through the epiploie foramen into the lesser 
sae.) 


Intraperitoneal and Retroperitoneal 
Relationships 

The terms intraperitoneal and retroperitoneal are used to 
deseribe the relationship of various organs to their perito- 
neal eovering. An organ is said to be intraperitoneal when 
it is almost totally eovered with viseeral peritonenm. The 
stomaeh, jejunum, ileum, and spleen are good examples of 
intraperitoneal organs. Retroperitoneal organs lie behind 
the peritonenm and are only partially eovered with viseeral 
peritonenm. The panereas and the aseending and deseend- 
ing parts of the eolon are examples of retroperitoneal 
organs. No organ, however, is aetnally within the perito- 
neal eavity. An intraperitoneal organ, such as the stomaeh, 
appears to be surrounded by the peritoneal eavity, but it is 
eovered with viseeral peritoneum and is attaehed to other 
organs by omenta. 

Peritoneal Ligaments 

Peritoneal ligaments are two-layered folds of peritonenm 
that eonneet solid viseera to the abdominal walls. The liver, 
for example, is eonneeted to the diaphragm by the falei- 
form ligament, the eoronary ligament, and the right and 
left triangnlar ligaments (Figs. 5.8 and 5.10). 
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FIGURE 5.8 Liver as seen from in front (A), from above (B), 
and from behind (C). Note the position of the peritoneal 
refleetions, the bare areas, and the peritoneal ligaments. 


Omenta 

Omenta are two-layered folds of peritonenm that eonneet 
the stomaeh to another visens. The greater omentum eon- 
neets the greater curvature of the stomaeh to the transverse 
eolon (Fig. 5.2). It hangs down like an apron in front of 
the eoils of the small intestine and is folded baek on itself 
to be attaehed to the transverse eolon (Fig. 5.6). The lesser 
omentum suspends the lesser curvature of the stomaeh 
from the fissure of the ligamentum venosum and the porta 
hepatis on the undersurface of the liver (Fig. 5.6). The gas- 
trosplenie omentnm (ligament) eonneets the stomaeh to 
the hilum of the spleen (Fig. 5.5). 

Mesenteries 

Mesenteries are two-layered folds of peritoneum eon- 
neeting parts of the intestines to the posterior abdominal 
wall, for example, the mesentery of the small intestine, 
the transverse mesoeolon, and the sigmoid mesoeolon 
(Figs. 5.6 and 5.13). 

The peritoneal ligaments, omenta, and mesenteries per- 
mit blood, lymph vessels, and nerves to reaeh the viseera. 

The extent of the peritoneum and the peritoneal eavity 
should be studied in the transverse and sagittal seetions of 
the abdomen seen in Fignres 5.5 and 5.6. 

Peritoneal Ponehes, Reeesses, Spaees, 
and Gntters 

Lesser Sae 

The lesser sae lies behind the stomaeh and the lesser omen- 
tum (Figs. 5.5,5.6, and 5.11). It extends upward as far as the 
diaphragm and downward between the layers of the greater 



FIGURE5.9 A plastinized speeimen of the liver as seen on its posteroinferior (viseeral) surface.The portal vein has been 
transfused with white plastie and the inferior vena eava with dark blue plastie. Outside the liver, the distended biliary ducts 
and gallbladder have been injeeted with yellow plastie and the hepatie artery with red plastie.The liver was then immersed in 
eorrosive fluid to remove the liver tissue. Note the profuse branehing of the portal vein as its white terminal branehes enter 
the portal eanals between the liver lobules; the dark blue tributaries of many of the hepatie veins ean also be seen. 
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FIGLIRE 5.10 Attaehment of the lesser omentum to the 
stomaeh and the posterior surface of the liver. 


omentum. The leít margin of the sae is formed by the spleen 
(Fig. 5.11) and the gastrosplenie omentum and splenieore- 
nal ligament. The right margin opens into the greater sae 
(the main part of the peritoneal eavity) through the open- 
ing of the lesser sae, or epiploie foramen (Fig. 5.7). 

The opening into the lesser sae (epiploie foramen) has 
the following bonndaries (Fig. 5.7): 

■ Anteriorly: Free border of the lesser omentum, the bile 
duct, the hepatie artery, and the portal vein (Fig. 5.11) 

■ Posteriorly: Inferior vena eava 

■ Snperiorly: Caudate proeess of the caudate lobe of the 
liver 

■ Inferiorly: First part of the duodenum 


Duodenal Reeesses 

eiose to the duodenojejunal junction, there may be four 
small poeketlike pouches of peritoneum ealled the supe- 
rior duodenal, inferior dnodenal, paradnodenal, and ret- 
rodnodenal reeesses (Fig. 5.12). 

Geeal Reeesses 

Folds of peritonenm elose to the cecum produce three peri- 
toneal reeesses ealled the snperior ileoeeeal, the inferior 
ileoeeeal, and the retroeeeal reeesses (Fig. 5.13). 

Intersigmoid Reeess 

The intersigmoid reeess is sitnated at the apex of the inverted, 
V-shaped root of the sigmoid mesoeolon (Fig. 5.13); its 
mouth opens downward. 

Subphrenic Spaees 

The right and left anterior snbphrenie spaees lie between 
the diaphragm and the liver, on eaeh side of the faleiform 
ligament (Fig. 5.14). The right posterior snbphrenie spaee 
lies between the right lobe of the liver, the right kidney, and 
the right eolie flexure (Fig. 5.15). The right extraperitoneal 
spaee lies between the layers of the eoronary ligament and 
is therefore situated between the liver and the diaphragm 
(see page 196). 

Paraeolie Gutters 

The paraeolie gntters lie on the lateral and medial sides of 
the aseending and deseending eolons, respeetively (Figs. 5.5 
and 5.14). 
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FIGLIRE 5.11 Transverse seetion of the lesser sae shovving the arrangement of the peritoneum in the formation of the lesser 
omentum, the gastrosplenie omentum, and the splenieorenal ligament. /\rrow indieates the position of the opening of the 
lesser sae. 
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FIGURE5.12 Peritoneal reeesses, vvhieh may be present in 
the region of the duodenojejunal junction. Note the pres- 
enee of the inferior mesenterie vein in the peritoneal fold, 
forming the paraduodenal reeess. 


The subphrenic spaees and the paraeolie gutters are elin- 
ieally important beeanse they may be sites for the eolleetion 
and movement of infeeted peritoneal flnid (see page 165). 

Nerve Supply of the Peritoneum 
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FIGURE 5.14 Normal direetion of flovv of the peritoneal fluid 
from different parts of the peritoneal eavity to the sub- 
phrenie spaees. 


The parietal peritoneum is sensitive to pain, temperatnre, 
touch, and pressnre. The parietal peritonenm lining the 
anterior abdominal wall is snpplied by the lower six tho- 
raeie and Ist lumbar nerves—that is, the same nerves that 
innervate the overlying mnseles and skin. The eentral part 
of the diaphragmatie peritonenm is snpplied by the phrenie 
nerves; peripherally, the diaphragmatie peritonenm is sup- 
plied by the lower six thoraeie nerves. The parietal peri- 
toneum in the pelvis is mainly snpplied by the obtnrator 
nerve, a braneh of the lumbar plexus. 

The viseeral peritoneum is sensitive only to streteh and 
tearing and is not sensitive to touch, pressure, or tempera- 
ture. It is supplied by autonomic afferent nerves that supply 
the viseera or are traveling in the mesenteries. Overdisten- 
tion of a viscus leads to the sensation of pain. The mes- 
enteries of the small and large intestines are sensitive to 
meehanieal stretehing. 


Functions of the Peritonenm 

The peritoneal fluid, which is pale yellow and somewhat 
viseid, eontains lenkoeytes. It is seereted by the peritonenm 
and ensnres that the mobile viseera glide easily on one 
another. As a result of the movements of the diaphragm 
and the abdominal mnseles, together with the peristaltie 
movements of the intestinal traet, the peritoneal fluid is 
not statie. Experimental evidenee has shown that partien- 
late matter introdneed into the lower part of the peritoneal 
eavity reaehes the snbphrenie peritoneal spaees rapidly, 
whatever the position of the body. It seems that intraperi- 
toneal movement of fluid toward the diaphragm is eontin- 
uous (Fig. 5.14), and there it is quickly absorbed into the 
snbperitoneal lymphatie eapillaries. 

This ean be explained on the basis that the area of peri- 
toneum is extensive in the region of the diaphragm and the 
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FIGURE5.13 Peritoneal reeesses (arrovvs) in the region of the cecum and the reeess related to the sigmoid mesoeolon. 
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respiratory movements of the diaphragm aid lymph flow in 
the lymph vessels. 

The peritoneal eoverings of the intestine tend to stiek 
together in the presenee of infeetion. The greater omentnm, 
which is kept eonstantly on the move by the peristalsis of the 
neighboring intestinal traet, may adhere to other peritoneal 
snrfaees aronnd a focus of infeetion. In this manner, many of the 
intraperitoneal infeetions are sealed off and remain loealized. 



e L I N 


e A L 


N 0 T E S 


The Perìtoneum and Perìtoneal Gavìty 
Movement of Peritoneal Fluid 

The peritoneal eavity is divided into an upper part vvithin the 
abdomen and a lovver part in the pelvis. The abdominal part is 
further subdivided by the many peritoneal refleetions into impor- 
tant reeesses and spaees, vvhieh, in turn, are continued into the 
paraeolie gutters (Fig. 5.15). The attaehment of the transverse 
mesoeolon and the mesentery of the small intestine to the poste- 
rior abdominal vvall provides natural peritoneal barriers that may 
hinder the movement of infeeted peritoneal fluid from the upper 
part to the lovver part of the peritoneal eavity. 

It is interesting to note that vvhen the patient is in the supine 
position the right subphrenic peritoneal spaee and the pel- 
vie eavity are the lovvest areas of the peritoneal eavity and the 
region of the pelvie brim is the highest area (Fig. 5.15). 


Peritoneal infeetion 

infeetion may gain entranee to the peritoneal eavity through sev- 
eral routes: from the interior of the gastrointestinal traet and gall- 
bladder, through the anterior abdominal vvall, via the uterine tubes 
in females (gonoeoeeal peritonitis in adults and pneumococcal 
peritonitis in ehildren occurthrough this route), and from the blood. 

Golleetion of infeeted peritoneal fluid in one of the subphrenic 
spaees is often aeeompanied by infeetion of the pleural eavity. It 
is eommon to find a loealized empyema in a patient vvith a sub- 
phrenie abseess. It is believed that the infeetion spreads from 
the peritoneum to the pleura via the diaphragmatie lymph ves- 
sels. A patient vvith a subphrenic abseess may eomplain of pain 
over the shoulder. (This also holds true for eolleetions of blood 
under the diaphragm, vvhieh irritate the parietal diaphragmatie 
peritoneum.) The skin of the shoulder is supplied by the supra- 
clavicular nerves (C3 and 4), vvhieh have the same segmental 
origin asthe phrenie nerve,vvhich suppliesthe peritoneum inthe 
eenter of the undersurface of the diaphragm. 

To avoid the accumulation of infeeted fluid in the subphrenic 
spaees and to delay the absorption of toxins from intraperitoneal 
infeetions, it is eommon nursing praetiee to sit a patient up in 
bed vvith the baek at an angle of 45°. In this position, the infeeted 
peritoneal fluid tends to gravitate dovvnvvard into the pelvie eav- 
ity, vvhere the rate of toxin absorption is slovv (Fig. 5.15). 

Greater Omentum 
Loealization of infeetion 

The greater omentum is often referred to by the surgeons as the 
abdominal polieeman. The lovver and the right and left margins are 


The peritoneal folds play an important part in snspend- 
ing the varions organs within the peritoneal eavity and 
serve as a means of eonveying the blood vessels, lymphaties, 
and nerves to these organs. 

Large amonnts of fat are stored in the peritoneal liga- 
ments and mesenteries, and espeeially large amonnts ean 
be fonnd in the greater omentnm. 


free, and it moves aboutthe peritoneal eavity in response to the per- 
istaltie movements of the neighboring gut. In the first 2 years of life, 
it is poorly developed and thus is less proteetive in a young ehild. 
Later, hovvever, in an acutely inflamed appendix, for example, the 
inflammatory exudate causes the omentum to adhere to the appen- 
dix and vvrap itself around the infeeted organ (Fig. 5.16). By this 
means, the infeetion is often loealized to a small area of the perito- 
neal cavity,thus savingthe patientfrom a serious diffuse peritonitis. 

Greater Omentum as a Hernial Plug 

The greater omentum has been found to plug the neek of a her- 
nial sae and preventthe entranee of eoils of small intestine. 

Greater Omentum in Snrgery 

Surgeons sometimes use the omentum to buttress an intestinal 
anastomosis or in the closure of a perforated gastrie or duodenal 
ulcer. 


Torsion of the Greater Omentnm 

The greater omentum may undergo torsion, and if extensive, the 
blood supply to a part of it may be cut off, causing neerosis. 

Aseites 

Aseites is essentially an excessive accumulation of peritoneal 
fluid vvithin the peritoneal eavity. Aseites ean occur seeondary to 
hepatie eirrhosis (portal venous eongestion), malignant disease 
(e.g., eaneer of the ovary), or eongestive heart failure (systemie 
venous eongestion). In a thin patient, as much as 1500 mL has to 
accumulate before aseites ean be reeognized elinieally. In obese 
individuals, a far greater amount has to eolleet before it ean be 
deteeted. The vvithdravval of peritoneal fluid from the peritoneal 
eavity is deseribed on page 148. 

Peritoneal Paín 

From the Parietal Peritonenm 

The parietal peritoneum lining the anterior abdominal vvall is 
supplied by the lovver six thoraeie nerves and the first lumbar 
nerve. Abdominal pain originating from the parietal peritoneum 
is therefore of the somatie type and ean be preeisely loealized; it 
is usually severe (see Abdominal Pain, page 224). 

An inflamed parietal peritoneum is extremely sensitive to 
stretehing. This faet is made use of elinieally in diagnosing peri- 
tonitis. Pressure is applied to the abdominal vvall vvith a single 
finger over the site of the inflammation. The pressure is then 
removed by suddenly vvithdravving the finger. The abdominal 
vvall rebounds, resulting in extreme loeal pain, vvhieh is knovvn 
as rebound tenderness. 


(eontinaedj 
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ltshould alvvays be remembered thatthe parietal peritoneum 
in the pelvis is innervated by the obturator nerve and ean be pal- 
pated by means of a reetal or vaginal examination. An inflamed 
appendix may hang dovvn into the pelvis and irritate the parietal 
peritoneum. A pelvie examination ean deteet extreme tender- 
ness of the parietal peritoneum on the right side (see page 268). 


From the Viseeral Peritoneom 

The viseeral peritoneum, including the mesenteries, is innervated 
by autonomic afferent nerves. Streteh caused by overdistension 
of a viscus or pulling on a mesentery gives rise to the sensation of 
pain. The sites of origin of viseeral pain are shovvn in Figure 5.17. 

Because the gastrointestinal traet arises embryologieally as 
a midline structure and reeeives a bilateral nerve supply, pain is 
referred to the midline. Pain arising from an abdominal viscus is 
dull and poorly loealized (see Abdominal Pain, page 224). 

Perìtoneal Dìalysìs 

Because the peritoneum is a semipermeable membrane, it 
allovvs rapid bidireetional transfer of substances aeross itself. 


Because the surface area of the peritoneum is enormous, this 
transfer property has been made use of in patients vvith acute 
renal insufficiency. The effieieney of this method is only a frae- 
tion of that aehieved by hemodialysis. 

A vvatery solution, the dialysate, is introduced through a 
eatheter through a small midline ineision through the anterior 
abdominal vvall belovv the umbilicus. The technique is the same 
as peritoneal lavage (see page 148). The products of metabolism, 
such as urea, diffuse through the peritoneal lining eells from 
the blood vessels into the dialysate and are removed from the 
patient. 

Internal Abdomìnal Hernìa 

Oeeasionally, a loop of intestine enters a peritoneal pouch 
or reeess (e.g., the lesser sae or the duodenal reeesses) and 
beeomes strangulated at the edges of the reeess. Remember 
that important structures form the boundaries of the entranee 
into the lesser sae and thatthe inferior mesenterie vein often lies 
in the anterior vvall of the paraduodenal reeess. 



Y 0 L 0 G I e N 0 T E S 



Development of the Peritonenm and the 
Perítoneal Gavity 

Onee the lateral mesoderm has split into somatie and splanehnie 
layers, a eavity is formed betvveen the tvvo, ealled the intraem- 
bryonie eoelom. The peritoneal eavity is derived from that part 
ofthe embryonie eoelom situated caudalto the septumtransver- 
sum. In the earliest stages, the peritoneal eavity is in free eom- 
munication vvith the extraembryonic eoelom on eaeh side (Fig. 
4.36B). Later, vvith the development of the head, tail, and lateral 
folds of the embryo, this vvide area of communication beeomes 
restrieted to the small area vvithin the umbilical eord. 

Early in development, the peritoneal eavity is divided into 
right and left halves by a eentral partition formed by the dorsal 
mesentery, the gut, and the small ventral mesentery (Fig. 5.18). 
Hovvever, the ventral mesentery extends only for a short dis- 
tanee along the gut (see belovv), so that belovv this level the right 
and left halves of the peritoneal eavity are in free communica- 
tion (Fig. 5.18). As a result of the enormous grovvth of the liver 
and the enlargement of the developing kidneys, the eapaeity of 
the abdominal eavity beeomes greatly reduced at about the 6th 
vveek of development. It is at this time that the small remaining 
communication betvveen the peritoneal eavity and extraembry- 
onie eoelom beeomes important. An intestinal loop is foreed out 
of the abdominal eavity through the umbilicus into the umbilical 
eord. This physiologie herniation of the midguttakes plaee dur- 
ing the 6th vveek of development. 

Formation of the Peritoneal Ligaments and Mesenteries 

The peritoneal ligaments are developed from the ventral and 
dorsal mesenteries. The ventral mesentery is formed from the 
mesoderm of the septum transversum (derived from the eervi- 
eal somites, vvhieh migrate dovvnvvard). The ventral mesentery 
forms the faleiform ligament, the lesser omentnm, and the eoro- 
nary and triangnlar ligaments of the liver (Fig. 5.18). 


The dorsal mesentery is formed from the fusion of the 
splanchnopleuric mesoderm on the tvvo sides of the embryo. It 
extends from the posterior abdominal vvall to the posterior border 
of the abdominal part of the gut (Figs. 4.36 and 5.18). The dorsal 
mesentery forms the gastrophrenie ligament, the gastrosplenie 
omentnm, the splenieorenal ligament, the greater omentnm, and 
the mesenteries of the small and large intestines. 

Formation of the Lesser and Greater Peritoneal Saes 

The extensive grovvth of the right lobe of the liver pulls the ven- 
tral mesentery to the right and causes rotation of the stomaeh 
and duodenum (Fig. 5.19). By this means, the upper right part of 
the peritoneal eavity beeomes ineorporated into the lesser sae. 
The right free border of the ventral mesentery beeomes the right 
border of the lesser omentum and the anterior boundary of the 
entranee into the lesser sae. 

The remaining part of the peritoneal eavity, vvhieh is not 
included in the lesser sae, is ealled the greater sae, and the tvvo 
saes are in communication through the epiploie foramen. 

Formation of the Greater Omentnm 

The spleen is developed in the upper part of the dorsal mesen- 
tery, and the greater omentum is formed as a result of the rapid 
and extensive grovvth of the dorsal mesentery caudal to the 
spleen. To begin vvith, the greater omentum extends from the 
greater curvature of the stomaeh to the posterior abdominal vvall 
superior to the transverse mesoeolon. With continued grovvth, 
it reaehes inferiorly as an apronlike double layer of peritoneum 
anterior to the transverse eolon. 

Later, the posterior layer of the omentum fuses vvith the trans- 
verse mesoeolon; as a result, the greater omentum beeomes 
attaehed to the anterior surface of the transverse eolon (Fig. 5.19). 
As development proeeeds, the omentum beeomes laden vvith fat. 
The inferior reeess of the lesser sae extends inferiorly betvveen the 
anterior and the posterior layers of the fold of the greater omentum. 
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anterior and posterior ...bDhrenie soaee 
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FIGLIRE 5.15 Direetion of flow of the peritoneal fluid. 1. Normal flow upward to the subphrenic spaees. 2. Flow of inflamma- 
tory exudate in peritonitis. 3.The two sites where inflammatory exudate tends to eolleet when the patient is nursed in the 
supine position. 4. Accumulation of inflammatory exudate in the pelvis when the patient is nursed in the inelined position. 



A B e 

FIGURE5.16 A.The normal greater omentum. B.The greater omentum wrapped around an inflamed appendix. G.The greater 
omentum adherent to the base of a gastrie ulcer. One important function of the greater omentum is to attempt to limit the 
spread of intraperitoneal infeetions. 
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FIGURE5.17 Sonne innportant skin areas involved in referred viseeral pain 
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FIGURE 5.18 Ventral and dorsal nnesenteries and the organs that develop vvithin them. 


Gastrointestinal Traet 

Esophagns (Abdominal Portion) 

The esophagus is a muscular, eollapsible tube about 10 in. 
(25 em) long that joins the pharynx to the stomaeh. The 
greater part of the esophagns lies within the thorax (see page 


100). The esophagns enters the abdomen throngh an opening 
in the right crus of the diaphragm (Fig. 5.4). After a course of 
about 0.5 in. (1.25 em), it enters the stomaeh on its right side. 

Relations 

The esophagns is related anteriorly to the posterior snrfaee 
of the left lobe of the liver and posteriorly to the left crus 
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FIGURE5.19 The rotation of the stomaeh and the formation of the greater omentum and lesser sae 
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FIGURE 5.20 Arteries that supply the stomaeh. Note that all the arteries are derived from branehes of the eeliae artery 
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of the diaphragm. The left and right vagi lie on its anterior 
and posterior snrfaees, respeetively. 

Blood Supply 

Arteries 

The arteries are branehes from the left gastrie artery 
(Fig. 5.20). 

Veins 

The veins drain into the left gastrie vein, a tribntary of the 
portal vein (see portal-systemie anastomosis, page 195). 

Lymph Drainage 

The lymph vessels follow the arteries into the left gastrie nodes. 

Nerve Supply 

The nerve snpply is the anterior and posterior gastrie nerves 
(vagi) and sympathetie branehes of the thoraeie part of the 
sympathetie trnnk. 


Function 

The esophagns eondnets food from the pharynx into the 
stomaeh. VVavelike eontraetions of the mnsenlar eoat, ealled 
peristalsis, propel the food onward. 

Gastroesophageal Sphineter 

No anatomie sphineter exists at the lower end of the 
esophagns. However, the eirenlar layer of smooth mnsele 
in this region serves as a physiologie sphineter. As the food 
deseends throngh the esophagns, relaxation of the mnsele 
at the lower end oeenrs ahead of the peristaltie wave so that 
the food enters the stomaeh. The tonie eontraetion of this 
sphineter prevents the stomaeh eontents from regnrgitat- 
ing into the esophagns. 

The elosnre of the sphineter is nnder vagal eontrol, 
and this ean be angmented by the hormone gastrin and 
redneed in response to seeretin, eholeeystokinin, and 
glneagon. 



The Esophagus 

Narrow Areas of the Esophageal Lumen 


The esophagus is narrowed at three sites: at the beginning, 
behind the erieoid eartilage of the larynx; where the left bron- 
chus and the areh of the aorta eross the front of the esophagus; 
and where the esophagus enters the stomaeh. These three sites 
may offer resistanee to the passage of a tube down the esopha- 
gus into the stomaeh (see Fig. 3.44). 


Aehalasía of the Cardìa (Esophagogastrìe Junctìon) 

The cause of aehalasia is unknown, but it is assoeiated with 
a degeneration of the parasympathetie plexus (Auerbach's 
plexus) in the wall of the esophagus. The primary site of the 
disorder may be in the innervation of the eardioesophageal 
sphineter by the vagus nerves. Dysphagia (difficulty in swal- 
lowing) and regurgitation are eommon symptoms that are later 
aeeompanied by proximal dilatation and distal narrowing of the 
esophagus. 


Gastroesophageal Reflux Dìsease 

Gastroesophageal reflux disease is the most eommon gas- 
trointestinal disorder seen in outpatient elinies. It eonsists of 
a reflux of aeid stomaeh eontents into the esophagus produc- 
ing the symptoms of heartburn on at least two oeeasions per 
week. If the reflux continues, the esophageal mucous mem- 
brane beeomes inflammed. Later, if the eondition persists, the 
lining of the esophagus ehanges from squamous epithelium 
to columnar epitheliuim, and there is a risk of the develop- 
ment of adenoeareinoma at the lower end of the esophagus. 
The causes of this disease include failure of the lower esopha- 
geal sphineter, hiatus hernia of the diaphragm, and abdominal 
obesity. 



Bleeding Esophageal Varíees 

At the lower third of the esophagus is an important portal- 
systemie venous anastomosis (see page 195). Here, the esopha- 
geal tributaries of the left gastrie vein (which drains into the 
portal vein) anastomose with the esophageal tributaries of the 
azygos veins (systemie veins). Should the portal vein beeome 
obstructed, as, for example, in eirrhosis of the liver, portal 
hypertension develops, resulting in dilatation and varieosity of 
the portal-systemie anastomoses. Varieosed esophageal veins 
may rupture, causing severe vomiting of blood (hematemesis). 


Anatomy of the Insertion of the Sengstaken- 
Blakemore Balloon for Esophageal Hemorrhage 


The Sengstaken-Blakemore balloon is used for the eontrol 
of massive esophageal hemorrhage from esophageal variees. 
A gastrie balloon anehors the tube againstthe esophageal-gas- 
trie junction. An esophageal balloon occludes the esophageal 
variees by counterpressure. The tube is inserted through the 
nose or by using the oral route. 

The lubricated tube is passed down into the stomaeh, and 
the gastrie balloon is inflated. In the average adult, the distanee 
betweentheexternalorificesofthenoseandthestomachisl7.2in. 
(44 em), and the distanee between the ineisor teeth and the 
stomaeh is 16 in. (41 em). 


Anatomy of the Complications 

■ Difficulty in passing the tube through the nose 

■ Damage to the esophagus from overinflation of the esopha- 
geal tube 

■ Pressure on neighboring mediastinal structures as the 
esophagus is expanded by the balloon within its lumen 

■ Persistent hiccups caused by irritation of the diaphragm by the 
distended esophagus and irritation of the stomaeh by the blood 

___ ) 













BasieAnatomy 171 


Stomaeh 

Loeation and Deseriptìon 

The stomaeh is the dilated portion of the alimentary eanal 
and has three main fnnetions: It stores food (in the adnlt 
it has a eapaeity of abont 1500 mL), it mixes the food with 
gastrie seeretions to form a semiflnid ehyme, and it eon- 
trols the rate of delivery of the ehyme to the small intestine 
so that effieient digestion and absorption ean take plaee. 

The stomaeh is sitnated in the npper part of the abdo- 
men, extending from beneath the left eostal margin region 
into the epigastrie and nmbilieal regions. Much of the stom- 
aeh lies under eover of the lower ribs. It is ronghly }-shaped 
and has two openings, the eardiae and pylorie orifiees; two 
curvatures, the greater and lesser curvatures; and two sur- 
faees, an anterior and a posterior surface (Fig. 5.21). 

The stomaeh is relatively fixed at both ends but is very 
mobile in between. It tends to be high and transversely 
arranged in the short, obese person (steer-horn stomaeh) 
and elongated vertieally in the tall, thin person (J-shaped 
stomaeh). Its shape nndergoes eonsiderable variation in the 
same person and depends on the volume of its eontents, the 
position of the body, and the phase of respiration. 

The stomaeh is divided into the following parts 
(Fig. 5.21): 

■ Fundus: This is dome-shaped and projeets upward and 

to the left of the eardiae orifiee. It is usually full of gas. 


■ Body: This extends from the level of the eardiae orifiee 
to the level of the incisura angularis, a eonstant noteh 
in the lower part of the lesser curvature (Fig. 5.21). 

■ Pylorie antrum: This extends from the ineisnra angula- 
ris to the pylorus (Fig. 5.21). 

■ Pylorus: This is the most tubular part of the stomaeh. 
The thiek muscular wall is ealled the pylorie sphine- 
ter, and the eavity of the pylorns is the pylorie eanal 
(Fig. 5.21). 

The lesser curvature forms the right border of the stom- 
aeh and extends from the eardiae orifiee to the pylorns (Fig. 
5.21). It is snspended from the liver by the lesser omen- 
tum. The greater curvature is much longer than the lesser 
curvature and extends from the left of the eardiae orifiee, 
over the dome of the fundus, and along the left border of 
the stomaeh to the pylorns (Fig. 5.21). The gastrosplenie 
omentnm (ligament) extends from the upper part of the 
greater curvature to the spleen, and the greater omentnm 
extends from the lower part of the greater curvature to the 
transverse eolon (Fig. 5.11). 

The eardiae orifiee is where the esophagns enters the 
stomaeh (Fig. 5.21). Althongh no anatomie sphineter ean 
be demonstrated here, a physiologie meehanism exists that 
prevents regnrgitation of stomaeh eontents into the esoph- 
agus (see page 170). 

The pylorie orifiee is formed by the pylorie eanal, 
which is about 1 in. (2.5 em) long. The eirenlar muscle eoat 
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FIGURE5.21 Stomaeh shovving the parts, muscular eoats, and mucosal lining. Note the inereased thiekness of the circular 
muscle forming the pylorie sphineter. 
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of the stomaeh is much thieker here and forms the ana- 
tomie and physiologie pylorie sphineter (Fig. 5.21). The 
pylorus lies on the transpylorie plane, and its position ean 
be reeognized by a slight eonstrietion on the snrfaee of the 
stomaeh. 

Function of the Pylorie Sphineter 

The pylorie sphineter eontrols the outf[ow of gastrie eon- 
tents into the duodenum. The sphineter reeeives motor 
fibers from the sympathetie system and inhibitory fibers 
from the vagi. In addition, the pylorns is eontrolled by 
loeal nervons and hormonal infinenees from the stom- 
aeh and dnodenal walls. For example, the stretehing of 
the stomaeh due to filling will stimnlate the myenterie 
nerve plexus in its wall and refiexly cause relaxation of the 
sphineter. 

The mucous membrane of the stomaeh is thiek and vas- 
cular and is thrown into numerous folds, or rugae, that are 
mainly longitndinal in direetion (Fig. 5.21). The folds fiat- 
ten out when the stomaeh is distended. 

The muscular wall of the stomaeh eontains longitndi- 
nal fibers, eirenlar fibers, and oblique fibers (Fig. 5.21). 

The peritoneum (viseeral peritoneum) eompletely sur- 
rounds the stomaeh. It leaves the lesser curvature as the 
lesser omentum and the greater curvature as the gastros- 
plenie omentnm and the greater omentnm. 

Relations 

■ Anteriorly: The anterior abdominal wall, the left eostal 
margin, the left pleura and lung, the diaphragm, and the 
left lobe of the liver (Figs. 5.2 and 5.6) 

■ Posteriorly: The lesser sae, the diaphragm, the spleen, 
the left snprarenal gland, the upper part of the left 
kidney, the splenie artery, the panereas, the transverse 
mesoeolon, and the transverse eolon (Figs. 5.4, 5.6, 
and 5.11) 

Blood Supply 

Arteries 

The arteries are derived from the branehes of the eeliae 
artery (Fig. 5.20). 

The left gastrie artery arises from the eeliae artery. It 
passes upward and to the left to reaeh the esophagns and 
then deseends along the lesser curvature of the stomaeh. 
It supplies the lower third of the esophagus and the upper 
right part of the stomaeh. 

The right gastrie artery arises from the hepatie artery at 
the upper border of the pylorus and runs to the left along 
the lesser curvature. It supplies the lower right part of the 
stomaeh. 

The short gastrie arteries arise from the splenie artery 
at the hilum of the spleen and pass forward in the gastros- 
plenie omentnm (ligament) to supply the fundus. 

The left gastroepiploie artery arises from the splenie 
artery at the hilum of the spleen and passes forward in the 
gastrosplenie omentnm (ligament) to supply the stomaeh 
along the upper part of the greater curvature. 

The right gastroepiploie artery arises from the gas- 
troduodenal braneh of the hepatie artery. It passes to the 
left and snpplies the stomaeh along the lower part of the 
greater curvature. 


Veins 

The veins drain into the portal eirenlation (Fig. 5.22). The 
left and right gastrie veins drain direetly into the portal 
vein. The short gastrie veins and the left gastroepiploie 
veins join the splenie vein. The right gastroepiploie vein 
joins the snperior mesenterie vein. 

Lymph Drainage 

The lymph vessels (Fig. 5.23) follow the arteries into the 
left and right gastrie nodes, the left and right gastroepi- 
ploie nodes, and the short gastrie nodes. All lymph from 
the stomaeh eventnally passes to the eeliae nodes loeated 
around the root of the eeliae artery on the posterior 
abdominal wall. 

Nerve Supply 

The nerve supply includes sympathetie fibers derived from 
the eeliae plexus and parasympathetie fibers from the right 
and left vagus nerves (Fig. 5.24). 

The anterior vagal trnnk, which is formed in the tho- 
rax mainly from the left vagus nerve, enters the abdomen 
on the anterior snrfaee of the esophagns. The trunk, which 
may be single or mnltiple, then divides into branehes that 
supply the anterior snrfaee of the stomaeh. A large hepatie 
braneh passes up to the liver, and from this a pylorie braneh 
passes down to the pylorns (Fig. 5.24). 

The posterior vagal trnnk, which is formed in the tho- 
rax mainly from the right vagus nerve, enters the abdo- 
men on the posterior snrfaee of the esophagns. The trunk 
then divides into branehes that supply mainly the posterior 
snrfaee of the stomaeh. A large braneh passes to the eeliae 
and snperior mesenterie plexuses and is distribnted to the 
intestine as far as the splenie fiexure and to the panereas 
(Fig. 5.24). 

The sympathetie innervation of the stomaeh earries 
a proportion of pain-transmitting nerve fibers, whereas 
the parasympathetie vagal fibers are seeretomotor to the 
gastrie glands and motor to the muscular wall of the 
stomaeh. The pylorie sphineter reeeives motor fibers 
from the sympathetie system and inhibitory fibers from 
the vagi. 

Small Intestine 

The small intestine is the longest part of the alimentary 
eanal and extends from the pylorns of the stomaeh to the 
ileoeeeal jnnetion (Fig. 5.1). The greater part of digestion 
and food absorption takes plaee in the small intestine. It is 
divided into three parts: the duodenum, the jejunum, and 
the ileum. 

Duodenum 

Loeation and Deseription 

The duodenum is a C-shaped tube, about 10 in. (25 em) 
long, which joins the stomaeh to the jejunum. It reeeives the 
openings of the bile and panereatie ducts. The duodenum 
curves around the head of the panereas (Fig. 5.26). The 
first ineh (2.5 em) of the duodenum resembles the stomaeh 
in that it is eovered on its anterior and posterior snrfaees 
with peritonenm and has the lesser omentnm attaehed to 
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FIGURE 5.22 Tributaries of the portal vein. 
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FIGURE 5.23 Lymph drainage of the stomaeh. Note that all the lymph eventually passes through the eeliae lymph nodes. 
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FIGURE 5.24 Distribution of the anterior and posterior vagal trunks vvithin the abdomen. Note that the eeliae braneh of the 
posterior vagal trunk is distributed with the sympathetie nerves as far down the intestinal traet as the left eolie flexure. 
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Trauma to the Stomaeh 

Apartfrom its attaehmentto the esophagus atthe eardiae orifiee 
and its continuity with the duodenum at the pylorus, the stomaeh 
is relatively mobile. It is proteeted on the left by the lower part 
of the rib eage. These faetors greatly proteet the stomaeh from 
blunt trauma to the abdomen. However, its large size makes it 
vulnerableto gunshot wounds. 

Gastrìe Ulcer 

The mucous membrane of the body of the stomaeh and, to a 
lesser extent, that of the fundus produce aeid and pepsin. The 
seeretion of the antrum and pylorie eanal is mucous and weakly 
alkaline (Fig. 5.25). The seeretion of aeid and pepsin is eontrolled 
by two meehanisms: nervous and hormonal. The vagus nerves 
are responsible for the nervous eontrol, and the hormone gas- 
trin, produced by the antral mucosa, is responsible for the hor- 
monal eontrol. In the surgical treatment of ehronie gastrie and 
duodenal ulcers, attempts are made to reduce the amount of 
aeid seeretion by seetioning the vagus nerves (vagotomy) and by 
removing the gastrin-bearing area of mucosa, the antrum (partial 
gastreetomy). 

Gastrie ulcers occur in the alkaline-producing mucosa of the 
stomaeh, usually on or elose to the lesser curvature. A ehronie 
ulcer invades the muscular eoats and, in time, involves the peri- 
toneum so that the stomaeh adheres to neighboring structures. 
An ulcer situated on the posterior wall of the stomaeh may per- 
forate into the lesser sae or beeome adherentto the panereas. 
Erosion of the panereas produces pain referred to the baek. The 
splenie artery runs along the upper border of the panereas, and 
erosion of this artery may produce fatal hemorrhage. A penetrat- 
ing ulcer of the anterior stomaeh wall may result in the eseape 
of stomaeh eontents into the greater sae, producing diffuse peri- 
tonitis. The anterior stomaeh wall may, however, adhere to the 
liver, and the ehronie ulcer may penetrate the liver substance. 


Gastrìe Paìn 

The sensation of pain in the stomaeh is caused by the streteh- 
ing or spasmodie eontraetion of the smooth muscle in its walls 
and is referred to the epigastrium. It is believed that the pain- 
transmitting fibers leave the stomaeh in eompany with the sym- 
pathetie nerves. They pass through the eeliae ganglia and reaeh 
the spinal eord via the greater splanehnie nerves. 

Ganeer of the Stomaeh 

Because the lymphatie vessels of the mucous membrane and 
submucosa of the stomaeh are in continuity, it is possible for ean- 
eer eells to travel to different parts of the stomaeh, some distanee 
away from the primary site. Ganeer eells also often pass through 
or bypass the loeal lymph nodes and are held up in the regional 
nodes. For these reasons, malignant disease of the stomaeh is 
treated by total gastreetomy, which includes the removal of the 
lower end of the esophagus and the first part of the duodenum; 
the spleen and the gastrosplenie and splenieorenal ligaments 
and their assoeiated lymph nodes; the splenie vessels; the tail 
and body of the panereas and their assoeiated nodes; the nodes 
along the lesser curvature of the stomaeh; and the nodes along 
the greater curvature, along with the greater omentum. This radi- 
eal operation is a desperate attempt to remove the stomaeh en 
bloe and, with it, its lymphatie field. The continuity of the gut is 
restored by anastomosing the esophagus with the jejunum. 

Gastroseopy 

Gastroseopy is the viewing of the mucous membrane of the 
stomaeh through an illuminated tube fitted with a lens system. 
The patient is anesthetized, and the gastroseope is passed into 
the stomaeh, which is then inflated with air. With a flexible fiber- 
optie instrument, direet visualization of different parts of the gas- 
trie mucous membrane is possible. It is also possible to perform 
a mucosal biopsy through a gastroseope. 


(continued} 
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Nasogastrie Intobatíon 

Nasogastrie intobation is a eommon proeedore and is performed 
to empty the stomaeh, to deeompress the stomaeh in eases of 
intestinal obstroetion, or before operations on the gastrointesti- 
nal traet; it may also be performed to obtain a sample of gastrie 
juice for bioehemieal analysis. 


1 . 

2 . 

3. 

4. 


The patient is plaeed in the semiupright position or left lateral 
position to avoid aspiration. 

The well-lubricated tube is inserted through the wider nostril 
and is direeted backward along the nasal floor. 

Onee the tube has passed the soft palate and entered the oral 
pharynx, deereased resistanee is felt, and the conscious pa- 
tient will feel like gagging. 

Some important distanees in the adult may be useful. From 
the nostril (external nares) to the eardiae orifiee of the stom- 
aeh is about 17.2 in. (44 em), and from the eardiae orifiee to 
the pylorus of the stomaeh is 4.8 to 5.6 in. (12 to 14 em). The 
curved course taken by the tube from the eardiae orifiee to 
the pylorus is usually longer, 6.0 to 10.0 in. (15 to 25 em) (see 
Fig.3.51). 



Anatomie Strnetnres That May Impede the Passage 
of the Nasogastrie Tube 




A deviated nasal septum makes the passage of the tube 
difficult on the narrower side. 

Three sites of esophageal narrowing may offer resistanee 
to the nasogastrie tube—at the beginning of the esopha- 
gus behind the erieoid eartilage (7.2 in. [18 em]), where the 
left bronchus and the areh of the aorta eross the front of 
the esophagus (11.2 in. [28 em]), and where the esophagus 
enters the stomaeh (17.2 in. [44 em]). The upper esophageal 
narrowing may be overeome by gently grasping the wings of 
the thyroid eartilage and pulling the larynx forward. This ma- 
neuver opens the normally eollapsed esophagus and permits 
the tube to pass down withoutfurther delay. 


Anatomy of Complications 

■ The nasogastrie tube enters the larynx instead of the esopha- 
gus. 

■ Rough insertion of the tube into the nose will cause nasal 
bleeding from the mucous membrane. 

■ Penetration of the wall of the esophagus or stomaeh. Always 
aspirate tube for gastrie eontents to eonfirm successful 
entranee into the stomaeh. 

___ J 


its upper border and the greater omentum attaehed to its 
lower border; the lesser sae lies behind this short segment. 
The remainder of the duodenum is retroperitoneal, being 
only partially eovered by peritonenm. 

Parts of the Duodenunn 

The duodenum is situated in the epigastrie and nmbilieal 
regions and, for pnrposes of deseription, is divided into 
four parts. 

First Part of the Duodenum The first part of the duode- 
num begins at the pylorns and runs upward and backward 
on the transpylorie plane at the level of the Ist lumbar ver- 
tebra (Figs. 5.26 and 5.27). 

The relations of this part are as follows: 

■ Anteriorly: The quadrate lobe of the liver and the gall- 
bladder (Fig. 5.10) 

■ Posteriorly: The lesser sae (first ineh only), the gas- 
trodnodenal artery, the bile duct and the portal vein, and 
the inferior vena eava (Fig. 5.27) 



FIGLIRE 5.25 Areas of the stomaeh that produce aeid and 
pepsin {blue) and alkali and gastrin {red). 


m Snperiorly: The entranee into the lesser sae (the epip- 
loie foramen) (Figs. 5.7 and 5.11) 

■ Inferiorly: The head of the panereas (Fig. 5.26) 

Seeond Part of the Duodenum The seeond part of the duo- 
denum runs vertieally downward in front of the hilum of 
the right kidney on the right side of the 2nd and 3rd lum- 
bar vertebrae (Figs. 5.26 and 5.27). About halfvvay down its 
medial border, the bile duct and the main panereatie duct 
pieree the duodenal wall. They unite to form the ampnlla 
that opens on the summit of the major duodenal papilla 
(Fig. 5.28). The aeeessory panereatie duct, if present, opens 
into the duodenum a little higher up on the minor duode- 
nal papilla (Figs. 5.27 and 5.28). 

The relations of this part are as follows: 

■ Anteriorly: The fundus of the gallbladder and the right 
lobe of the liver, the transverse eolon, and the eoils of the 
small intestine (Fig. 5.29) 

■ Posteriorly: The hilum of the right kidney and the right 
ureter (Fig. 5.27) 

■ Laterally: The aseending eolon, the right eolie fiexure, 
and the right lobe of the liver (Fig. 5.27) 

■ Medially: The head of the panereas, the bile duct, and 
the main panereatie duct (Figs. 5.27 and 5.28) 

Third Part of the Duodenum The third part of the 
duodenum runs horizontally to the left on the snbeostal 
plane, passing in front of the vertebral column and follow- 
ing the lower margin of the head of the panereas (Figs. 5.26 
and 5.27). 

The relations of this part are as follows: 

■ Anteriorly: The root of the mesentery of the small intes- 
tine, the snperior mesenterie vessels eontained within it, 
and eoils of jejunum (Figs. 5.26 and 5.27) 
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FIGURE 5.26 Panereas and anterior relations of the kidneys 
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FIGURE 5.27 Posterior relations of the duodenunn and the panereas. The nnmbers represent the four parts of the duodenum 


■ Posteriorly: The right ureter, the right psoas muscle, the 
inferior vena eava, and the aorta (Fig. 5.27) 

■ Superiorly: The head of the panereas (Fig. 5.26) 

■ Inferiorly: Goils of jejunum 

Fourth Part of the Duodenum The fourth part of the duo- 
denum runs upward and to the left to the duodenojejunal 


flexure (Figs. 5.26 and 5.27). The f[exure is held in posi- 
tion by a peritoneal fold, the ligament of Treitz, which is 
attaehed to the right crus of the diaphragm (Fig. 5.12). 

The relations of this part are as follows: 

■ Anteriorly: The beginning of the root of the mesentery 
and eoils of jejunum (Fig. 5.30) 
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FIGURE 5.28 E ntranee of the bile duct and the main and 
aeeessory panereatie ducts into the seeond part of the 
duodenum. Note the smooth lining of the first part of the 
duodenum, the plieae circulares of the seeond part, and the 
major duodenal papilla. 


■ Posteriorly: The left margin of the aorta and the medial 
border of the left psoas mnsele (Fig. 5.27) 

Mucous Membrane and Duodenal Papillae 

The mucous membrane of the duodenum is thiek. In the first 
part of the duodenum, it is smooth (Fig. 5.28). In the remain- 
der of the duodenum, it is thrown into numerous circular 
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FIGURE 5.29 The bile ducts and the gallbladder. Note the 
relation of the gallbladder to the transverse eolon and the 
duodenum. 


folds ealled the plieae circulares. At the site where the bile 
duct and the main panereatie duct pieree the medial waU of 
the seeond part is a small, ronnded elevation ealled the major 
duodenal papilla (Fig. 5.28). The aeeessory panereatie duct, 
if present, opens into the duodenum on a smaller papilla 
about 0.75 in. (1.9 em) above the major duodenal papilla. 

Blood Supply 

Arteries The upper half is supplied by the superior pan- 
creaticoduodenal artery, a braneh of the gastroduodenal 
artery (Figs. 5.20 and 5.26). The lower half is snpplied by 
the inferior pancreaticoduodenal artery, a braneh of the 
superior mesenterie artery. 

Veins The superior pancreaticoduodenal vein drains 
into the portal vein; the inferior vein joins the snperior 
mesenterie vein (Fig. 5.22). 

Lymph Drainage 

The lymph vessels follow the arteries and drain upward via 
pancreaticoduodenal nodes to the gastroduodenal nodes 
and then to the eeliae nodes and downward via panereati- 
coduodenal nodes to the superior mesenterie nodes around 
the origin of the superior mesenterie artery. 

Nerve Supply 

The nerves are derived from sympathetie and parasympa- 
thetie (vagus) nerves from the eeliae and superior mesen- 
terie plexuses. 

Jejunum and lleum 

Loeation and Deseription 

The jejunum and ileum measure about 20 ft (6 m) long; the 
upper two fifths of this length make up the jejunum. Eaeh 
has distinetive featnres, but there is a gradual ehange from 
one to the other. The jejunum begins at the duodenojejunal 
fiexure, and the ileum ends at the ileoeeeal junction. 

The eoils of jejunum and ileum are freely mobile and are 
attaehed to the posterior abdominal wall by a fan-shaped 
fold of peritoneum known as the mesentery of the small 
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FIGURE 5.30 Attaehment of the root of the mesentery of the 
small intestine to the posterior abdominal vvall. Note that it 
extends from the duodenojejunal flexure on left of the aorta, 
dovvnvvard, and to the right to the ileoeeeal junction. The 
superior mesenterie artery lies in the root of the mesentery. 
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Trauma to the Duodenum 

Apartfrom the first inch,the duodenum is rigidlyfixed to the pos- 
terior abdominal wall by peritoneum and therefore eannot move 
away from crush injuries. In severe crush injuries to the anterior 
abdominal wall, the third part of the duodenum may be severely 
crushed or torn againstthe third lumbar vertebra. 


Duodenal Ulcer 

As the stomaeh empties its eontents into the duodenum, the aeid 
ehyme is squirted against the anterolateral wall of the first part 
of the duodenum. This is thought to be an important faetor in the 
production of a duodenal ulcer at this site. An ulcer of the ante- 
rior wall of the first ineh of the duodenum may perforate into the 
upper part of the greater sae, above the transverse eolon. The 
transverse eolon direets the eseaping fluid into the right lateral 
paraeolie gutter and thus down to the right iliae fossa. The dif- 
ferential diagnosis between a perforated duodenal ulcer and a 
perforated appendix may be difficult. 



An ulcerofthe posterior wall ofthefirstpartofthe duodenum 
may penetrate the wall and erode the relatively large gastroduo- 
denal artery, causing a severe hemorrhage. 

The gastroduodenal artery is a braneh of the hepatie artery, a 
braneh of the eeliae trunk (Fig. 5.4). 


Duodenal Reeesses 

The importanee of the duodenal reeesses and the occurrence of 
herniae of the intestine were already alluded to on page 163. 

Important Duodenal Relatìons 

The relation to the duodenum of the gallbladder, the transverse 
eolon, and the right kidney should be remembered. Gases have 
been reported in which a large gallstone ulcerated through the 
gallbladder wall into the duodenum. Operations on the eolon and 
right kidney have resulted in damage to the duodenum. 



intestine (Fig. 5.30). The long free edge of the fold eneloses 
the mobile intestine. The short root of the fold is eontinn- 
ous with the parietal peritoneum on the posterior abdomi- 
nal wall along a line that extends downward and to the 
right from the left side of the 2nd lumbar vertebra to the 
region of the right saeroiliae joint. The root of the mesentery 


permits the entranee and exit of the branehes of the snperior 
mesenterie artery and vein, lymph vessels, and nerves into 
the spaee between the two layers of peritonenm forming the 
mesentery. 

In the living, the jejunum ean be distingnished from the 
ileum by the following featnres: 
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FIGURE 5.31 Some external and internal differenees betvveen the jejunum and the ileum. 
















BasieAnatomy 179 


■ The jejunum lies eoiled in the upper part of the perito- 
neal eavity below the left side of the transverse mesoeo- 
lon; the ileum is in the lower part of the eavity and in the 
pelvis (Fig. 5.3). 

■ The jejunum is wider bored, thieker walled, and redder 
than the ileum. The jejunal wall feels thieker beeanse the 
permanent infoldings of the mucous membrane, the pli- 
eae eirenlares, are larger, more numerous, and elosely set 
in the jejunum, whereas in the upper part of the ileum 
they are smaller and more widely separated and in the 
lower part they are absent (Fig. 5.31). 

■ The jejnnal mesentery is attaehed to the posterior 
abdominal wall above and to the left of the aorta, 
whereas the ileal mesentery is attaehed below and to the 
right of the aorta. 

■ The jejnnal mesenterie vessels form only one or two 
areades, with long and infrequent branehes passing to 
the intestinal wall. The ileum reeeives numerous short 
terminal vessels that arise from a series of three or four 
or even more areades (Fig. 5.31). 

■ At the jejnnal end of the mesentery, the fat is deposited 
near the root and is seanty near the intestinal wall. At the 
ileal end of the mesentery, the fat is deposited throngh- 
out so that it extends from the root to the intestinal wall 
(Fig. 5.31). 


■ Aggregations of lymphoid tissue (Peyer s patehes) are 
present in the mucous membrane of the lower ileum 
along the antimesenterie border (Fig. 5.31). In the liv- 
ing, these may be visible throngh the wall of the ileum 
from the outside. 

Blood Supply 

Arteries The arterial supply is from branehes of the supe- 
rior mesenterie artery (Fig. 5.32). The intestinal branehes 
arise from the left side of the artery and run in the mesen- 
tery to reaeh the gut. They anastomose with one another to 
form a series of areades. The lowest part of the ileum is also 
supplied by the ileoeolie artery. 

Veins The veins eorrespond to the branehes of the supe- 
rior mesenterie artery and drain into the snperior mesen- 
terie vein (Fig. 5.22). 

Lymph Drainage 

The lymph vessels pass throngh many intermediate mesen- 
terie nodes and finally reaeh the snperior mesenterie nodes, 
which are sitnated around the origin of the snperior mes- 
enterie artery. 

Nerve Supply 

The nerves are derived from the sympathetie and parasym- 
pathetie (vagus) nerves from the snperior mesenterie plexus. 
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FIGURE 5.32 Superior mesenterie artery and its branehes. Note that this artery supplies blood to the gut from halfvvay dovvn 
the seeond part of the duodenum to the distal third of the transverse eolon (arrovv). 
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Trauma to the Jejunum and lleum 

Because of its extent and position, the small intestine is eom- 
monly damaged by trauma. The extreme mobility and elastieity 
permit the eoils to move freely over one another in instanees of 
blunttrauma. Small, penetrating injuries may self-seal as a result 
of the mucosa plugging up the hole and the eontraetion of the 
smooth muscle wall. Material from large wounds leaks freely 
into the peritoneal eavity. The presenee of the vertebral column 
and the prominent anterior margin of the istsaeral vertebra may 
provide a firm background for intestinal crushing in eases of mid- 
line crush injuries. 

Small-bowel eontents have nearly a neutral pH and produce 
only slight ehemieal irritation to the peritoneum. 

Reeognìtìon of the Jejunum and lleum 

A physieian should be able to distinguish between the large and 
small intestine. He or she may be ealled on to examine a ease of 
postoperative burst abdomen, where eoils of gut are lying free in 
the bed. The maeroseopie differenees are deseribed on page 178. 

Tumors and Gysts of the Mesentery of the 
Small Intestìne 

The line of attaehment of the small intestine to the posterior 
abdominal wall should be remembered. It extends from a point 
just to the left of the midline about 2 in. (5 em) below the trans- 
pylorie plane (L1) downward to the right iliae fossa. A tumor or 
a eyst of the mesentery, when palpated through the anterior 
abdominal wall, is more mobile in a direetion at right angles to 
the line of attaehmentthan along the line of attaehment. 


Paìn Fìbers from the Jejunum and lleum 

Pain fibers traverse the superior mesenterie sympathetie plexus 
and pass to the spinal eord via the splanehnie nerves. Referred 
pain from this segment of the gastrointestinal traet is felt in the 
dermatomes supplied by the 9th, lOth, and 11th thoraeie nerves. 
Strangulation of a eoil of small intestine in an inguinal hernia first 
gives rise to pain in the region of the umbilicus. Only later, when 
the parietal peritoneum of the hernial sae beeomes inflamed, 
does the pain beeome more intense and loealized to the inguinal 
region (see Abdominal Pain, page 224). 

Mesenterìe Arterìal Occlusìon 

The superior mesenterie artery, a braneh of the abdominal aorta, 
supplies an extensive territory of the gut, from halfway down the 
seeond part of the duodenum to the left eolie flexure. Occlusion 
of the artery or one of its branehes results in death of all or part 
of this segment of the gut. The occlusion may occur as the result 
of an embolus, a thrombus, an aortie disseetion, or an abdominal 
aneurysm. 

Mesenterìe Veìn Thrombosìs 

The superior mesenterie vein, which drains the same area of 
the gut supplied by the superior mesenterie artery, may undergo 
thrombosis after stasis of the venous bed. Girrhosis of the liver 
with portal hypertension may predispose to this eondition. 

Meekers Dìverticulum 

Meekel's diverticulum, a eongenital anomaly of the ileum, is 
deseribed on page 187. 


Large Intestine 

The large intestine extends from the ilenm to the anus. It is 
divided into the cecum, appendix, aseending eolon, trans- 
verse eolon, deseending eolon, and sigmoid eolon. The ree- 
tum and anal eanal are eonsidered in the seetions on the 
pelvis and perinenm. The primary fnnetion of the large 
intestine is the absorption of water and eleetrolytes and the 
storage of nndigested material until it ean be expelled from 
the body as feees. 

Cecum 

Loeation and Deseription 

The cecum is that part of the large intestine that lies below 
the level of the jnnetion of the ileum with the large intestine 
(Figs. 5.32 and 5.33). It is a blind-ended pouch that is situ- 
ated in the right iliae fossa. It is about 2.5 in. (6 em) long 
and is eompletely eovered with peritonenm. It possesses a 
eonsiderable amount of mobility, althongh it does not have 
a mesentery. Attaehed to its posteromedial snrfaee is the 
appendix. The presenee of peritoneal folds in the vieinity 
of the cecum (Fig. 5.33) ereates the superior ileoeeeal, the 
inferior ileoeeeal, and the retroeeeal reeesses (page 163). 

As in the eolon, the longitndinal muscle is restrieted to 
three flat bands, the teniae eoli, which eonverge on the base 


of the appendbe and provide for it a eomplete longitndinal 
muscle eoat (Fig. 5.33). The cecum is often distended with 
gas and ean then be palpated throngh the anterior abdomi- 
nal wall in the living patient. 

The terminal part of the ileum enters the large intestine 
at the jnnetion of the cecum with the aseending eolon. The 
opening is provided with two folds, or lips, which form the 
so-ealled ileoeeeal valve (see below). The appendix eom- 
mnnieates with the eavity of the cecum through an opening 
loeated below and behind the ileoeeeal opening. 

Relations 

■ Anteriorly: Goils of small intestine, sometimes part of 
the greater omentnm, and the anterior abdominal wall 
in the right iliae region 

■ Posteriorly: The psoas and the iliaens mnseles, the fem- 
oral nerve, and the lateral cutaneous nerve of the thigh 
(Fig. 5.34). The appendix is eommonly found behind 
the cecum. 

■ Medially: The appendix arises from the cecum on its 
medial side (Fig. 5.33). 

Blood Supply 

Arteries Anterior and posterior eeeal arteries form the 
ileoeolie artery, a braneh of the snperior mesenterie artery 
(Fig. 5.33). 
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FIGURE 5.33 Cecum and appendix. Note that the appendicular artery is a braneh of the posterior eeeal artery. The edge of the 
mesoappendix has been cut to shovv the peritoneal layers. 
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FIGURE 5.34 Posterior abdominal vvall shovving posterior relations of the kidneys and the eolon 
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Veins The veins eorrespond to the arteries and drain 
into the snperior mesenterie vein. 

Lymph Drainage 

The lymph vessels pass throngh several mesenterie nodes 
and finally reaeh the snperior mesenterie nodes. 

Nerve Supply 

Branehes from the sympathetie and parasympathetie 
(vagns) nerves form the snperior mesenterie plexus. 

lleoeeeal Valve 

A rudimentary structure, the ileoeeeal valve eonsists of two 
horizontal folds of mucous membrane that projeet around 
the orifiee of the ileum. The valve plays little or no part in 
the prevention of refiux of eeeal eontents into the ileum. 
The circular muscle of the lower end of the ileum (ealled 
the ileoeeeal sphineter by physiologists) serves as a sphine- 
ter and eontrols the fiow of eontents from the ileum into the 
eolon. The smooth muscle tone is refiexly inereased when 
the cecum is distended; the hormone gastrin, which is pro- 
duced by the stomaeh, causes relaxation of the muscle tone. 

Appendix 

Loeation and Deseription 

The appendix (Fig. 5.1) is a narrow, muscular tube eontain- 
ing a large amount of lymphoid tissue. It varies in length 
from 3 to 5 in. (8 to 13 em). The base is attaehed to the 
posteromedial snrfaee of the cecum about 1 in. (2.5 em) 
below the ileoeeeal jnnetion (Fig. 5.33). The remainder of 
the appendbe is free. It has a eomplete peritoneal eovering, 
which is attaehed to the mesentery of the small intestine by 
a short mesentery of its own, the mesoappendix. The mes- 
oappendix eontains the appendienlar vessels and nerves. 

The appendix lies in the right iliae fossa, and in relation 
to the anterior abdominal wall its base is sitnated one third 
of the way up the line joining the right anterior snperior 
iliae spine to the umbilicus (McBurney s point). Inside the 
abdomen, the base of the appendix is easily found by iden- 
tifying the teniae eoli of the cecum and traeing them to the 
base of the appendix, where they eonverge to form a eon- 
tinuous longitudinal muscle eoat (Figs. 5.32 and 5.33). 

eomnnon Positions of theTip of the Appendix 

The tip of the appendix is snbjeet to a eonsiderable range 
of movement and may be found in the following positions: 
(a) hanging down into the pelvis against the right pelvie 
wall, (b) eoiled up behind the cecum, (e) projeeting upward 
along the lateral side of the cecum, and (d) in front of or 
behind the terminal part of the ileum. The first and seeond 
positions are the most eommon sites. 

Blood Supply 

Arteries The appendienlar artery is a braneh of the poste- 
rior eeeal artery (Fig. 5.33). 

Veins The appendienlar vein drains into the posterior 
eeeal vein. 

Lymph Drainage 

The lymph vessels drain into one or two nodes lying in the 
mesoappendix and then eventnally into the snperior mes- 
enterie nodes. 


Nerve Supply 

The appendix is snpplied by the sympathetie and para- 
sympathetie (vagus) nerves from the snperior mesenterie 
plexus. Afferent nerve fibers eoneerned with the conduc- 
tion of viseeral pain from the appendix aeeompany the 
sympathetie nerves and enter the spinal eord at the level of 
the lOth thoraeie segment. 

Aseending Colon 

Loeation and Deseription 

The aseending eolon is about 5 in. (13 em) long and lies 
in the right lower quadrant (Fig. 5.35). It extends upward 
from the cecum to the inferior snrfaee of the right lobe 
of the liver, where it turns to the left, forming the right 
eolie flexure, and beeomes continuous with the transverse 
eolon. The peritonenm eovers the front and the sides of the 
aseending eolon, binding it to the posterior abdominal wall. 

Relations 

■ Anteriorly: Goils of small intestine, the greater 
omentnm, and the anterior abdominal wall (Figs. 5.2 
and 5.3). 

■ Posteriorly: The iliaens, the iliae erest, the quadratus 
lumborum, the origin of the transversns abdominis 
muscle, and the lower pole of the right kidney. The 
iliohypogastrie and the ilioingninal nerves eross behind 
it (Fig. 5.34). 

Blood Supply 

Arteries The ileoeolie and right eolie branehes of the supe- 
rior mesenterie artery (Fig. 5.32) supply this area. 

Veins The veins eorrespond to the arteries and drain 
into the snperior mesenterie vein. 

Lymph Drainage 

The lymph vessels drain into lymph nodes lying along the 
course of the eolie blood vessels and nltimately reaeh the 
snperior mesenterie nodes. 

Nerve Supply 

Sympathetie and parasympathetie (vagus) nerves from the 
snperior mesenterie plexus supply this area of the eolon. 

Transverse Colon 

Loeation and Deseription 

The transverse eolon is about 15 in. (38 em) long and 
extends aeross the abdomen, oeenpying the nmbilieal 
region. It begins at the right eolie flexure below the right 
lobe of the liver (Fig. 5.4) and hangs downward, snspended 
by the transverse mesoeolon from the panereas (Fig. 5.6). It 
then aseends to the left eolie flexure below the spleen. The 
left eolie flexure is higher than the right eolie flexure and is 
snspended from the diaphragm by the phrenieoeolie liga- 
ment (Fig. 5.35). 

The transverse mesoeolon, or mesentery of the trans- 
verse eolon, snspends the transverse eolon from the ante- 
rior border of the panereas (Fig. 5.6). The mesentery is 
attaehed to the snperior border of the transverse eolon, and 
the posterior layers of the greater omentnm are attaehed to 
the inferior border (Fig. 5.6). Beeanse of the length of the 
transverse mesoeolon, the position of the transverse eolon 
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FIGLIRE 5.35 Abdominal eavity shovving the terminal part of the ileum, the cecum, the appendix, the aseending eolon, the 
right eolie flexure, the left eolie flexure, and the deseending eolon. Note the teniae eoli and the appendiees epiploieae. 


is extremely variable and may sometimes reaeh down as far 
as the pelvis. 

Relations 

■ Anteriorly: The greater omentnm and the anterior 
abdominal wall (nmbilieal and hypogastrie regions) 
(Fig. 5.6) 

■ Posteriorly: The seeond part of the dnodennm, the 
head of the panereas, and the eoils of the jejnnnm and 
the ilenm (Fig. 5.35) 

Blood Supply 

Arteries The proximal two thirds are snpplied by the mid- 
dle eolie artery, a braneh of the snperior mesenterie artery 
(Fig. 5.32). The distal third is snpplied by the left eolie 
artery, a braneh of the inferior mesenterie artery (Fig. 5.36). 

Veins The veins eorrespond to the arteries and drain 
into the snperior and inferior mesenterie veins. 

Lymph Drainage 

The proximal two thirds drain into the eolie nodes and then 
into the snperior mesenterie nodes; the distal third drains into 
the eolie nodes and then into the inferior mesenterie nodes. 

Nerve Supply 

The proximal two thirds are innervated by sympathetie and 
vagal nerves throngh the snperior mesenterie plexus; the 


distal third is innervated by sympathetie and parasympa- 
thetie pelvie splanehnie nerves through the inferior mes- 
enterie plexus. 

Deseending Golon 

Loeation and Deseription 

The deseending eolon is about 10 in. (25 em) long and lies 
in the left upper and lower quadrants (Fig. 5.35). It extends 
downward íf om the left eolie f[exure, to the pelvie brim, where 
it beeomes continuous with the sigmoid eolon. (For the sig- 
moid eolon, see page 263.) The peritonenm eovers the front 
and the sides and binds it to the posterior abdominal wall. 

Relations 

■ Anteriorly: Goils of small intestine, the greater omen- 
tum, and the anterior abdominal wall (Figs. 5.2 and 5.3) 

■ Posteriorly: The lateral border of the left kidney, the 
origin of the transversns abdominis muscle, the quad- 
ratus lumborum, the iliae erest, the iliacus, and the left 
psoas. The iliohypogastrie and the ilioingninal nerves, 
the lateral cutaneous nerve of the thigh, and the femoral 
nerve (Fig. 5.34) also lie posteriorly. 

Blood Supply 

Arteries The left eolie and the sigmoid branehes of the 
inferior mesenterie artery (Fig. 5.36) supply this area. 
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FIGURE 5.36 Inferior mesenterie artery and its branehes. Note that this artery supplies the large bovvel from the distal third of 
the transverse eolon to halfvvay dovvn the anal eanal. It anastomoses vvith the middle eolie braneh of the superior mesenterie 
artery (arrovv). 


Veins The veins eorrespond to the arteries and drain 
into the inferior mesenterie vein. 

Lymph Drainage 

Lymph drains into the eolie lymph nodes and the inferior 
mesenterie nodes aronnd the origin of the inferior mesen- 
terie artery. 

Nerve Supply 

The nerve snpply is the sympathetie and parasympathetie 
pelvie splanehnie nerves throngh the inferior mesenterie 
plexus. 

Blood Supply of the Gastrointestinal 
Traet 

Arterial Supply 

The arterial supply to the gut and its relationship to the 
development of the different parts of the gut are illus- 
trated diagrammatieally in Figure 5.46. The eeliae artery is 
the artery of the foregut and snpplies the gastrointestinal 
traet from the lower one third of the esophagns down as 
far as the middle of the seeond part of the duodenum. The 


superior mesenterie artery is the artery of the midgut and 
snpplies the gastrointestinal traet from the middle of the 
seeond part of the duodenum as far as the distal one third 
of the transverse eolon. The inferior mesenterie artery is 
the artery of the hindgnt and snpplies the large intestine 
from the distal one third of the transverse eolon to halfvvay 
down the anal eanal. 

Celiac Artery 

The eeliae artery or trunk is very short and arises from the 
eommeneement of the abdominal aorta at the level of the 
12th thoraeie vertebra (Fig. 5.20). It is surrounded by the 
eeliae plexus and lies behind the lesser sae of peritonenm. 
It has three terminal branehes: the left gastrie, splenie, and 
hepatie arteries. 

Left Gastrie Artery The small left gastrie artery runs to 
the eardiae end of the stomaeh, gives off a few esophageal 
branehes, and then turns to the right along the lesser cur- 
vature of the stomaeh. It anastomoses with the right gastrie 
artery (Fig. 5.20). 

Splenie Artery The large splenie artery runs to the left in 
a wavy course along the upper border of the panereas and 
behind the stomaeh (Fig. 5.4). On reaehing the left kidney. 
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Golonoseopy 

Sinee eoloreetal eaneer is a leading cause of death in the 
VVestern vvorld, eolonoseopy is novv being extensively used 
for early deteetion of malignant tumors. In this procedure, the 
mucous membrane of the eolon ean be direetly visualized 
through an elongated flexible tube, or endoseope. Follovving a 
thorough vvashing out of the large bovvel, the patient is sedated, 
and the tube is gently inserted into the anal eanal. The interior 
of the large bovvel ean be observed from the anus to the cecum 
(Fig. 5.37). Photographs of suspicious areas, such as polyps, ean 
be taken and biopsy speeimens ean be removed for pathologie 
examination. Although a relatively expensive procedure, it pro- 
vides a more eomplete sereening examination for eoloreetal 
eaneerthan eombined feeal occult blood testing and the exami- 
nation of the distal eolon vvith sigmoidoseopy (see page 264). 

Varìabìlìty of Posìtìon of the Appendìx 

The ineonstaney of the position of the appendix should be borne 
in mind vvhen attempting to diagnose an appendieitis. A retro- 
eeeal appendix, for example, may lie behind a cecum distended 
vvith gas, and thus it may be difficult to elieit tenderness on pal- 
pation in the right iliae region. Irritation of the psoas muscle, eon- 
versely, may cause the patientto keep the right hip joint flexed. 

An appendix hanging dovvn in the pelvis may result in absent 
abdominal tenderness in the right lovver quadrant, but deep ten- 
derness may be experienced just above the symphysis pubis. 
Reetal or vaginal examination may reveal tenderness of the peri- 
toneum in the pelvis on the right side. 

Predisposìtìon of the Appendíxto infeetíon 

The follovving faetors contribute to the appendix's predileetion 
to infeetion: 


It is a long, narrovv, blind-ended tube, vvhieh encourages sta- 
sis of large-bovvel eontents. 

It has a large amount of lymphoid tissue in its vvall. 

The lumen has a tendeney to beeome obstructed by hard- 
ened intestinal eontents (enteroliths), vvhieh leads to further 
stagnation of its eontents. 


Predísposítion of the Appendixto Perforation 

The appendix is supplied by a long small artery that does not 
anastomose vvith other arteries. The blind end of the appendix 
is supplied by the terminal branehes of the appendicular artery. 
Inflammatory edema of the appendicular vvall eompresses the 
blood supply to the appendix and often leads to thrombosis of 
the appendicular artery. These eonditions eommonly result in 
neerosis or gangrene of the appendicular vvall, vvith perforation. 

Perforation of the appendix or transmigration of baeteria 
through the inflamed appendicular vvall results in infeetion of the 
peritoneum of the greater sae. The part that the greater omen- 
tum may play in arresting the spread of the peritoneal infeetion is 
deseribed on page 165. 

Pain of Appendieitis 

Viseeral pain in the appendix is produced by distention of its 
lumen or spasm of its muscle. The afferent pain fibers enter the 
spinal eord atthe level of the lOth thoraeie segment, and a vagne 





referred pain is felt in the region of the umbilicus. Later, the pain 
shifts to vvhere the inflamed appendix irritates the parietal peri- 
toneum. Here the pain is preeise, severe, and loealized (see 
Abdominal Pain, page 224). 

Tranma of the Cecum and Golon 

Bluntor penetrating injuriestothe eolon occur. Bluntinjuries most 
eommonly occur vvhere mobile parts of the eolon (transverse and 
sigmoid) join the fixed parts (aseending and deseending). 

Penetrating injuries follovving stab vvounds are eommon. The 
multiple anatomie relationships of the different parts of the eolon 
explain vvhy isolated eolonie trauma is unusual. 

Ganeer of the Large Bovvel 

Ganeer of the large bovvel is relatively eommon in persons 
older than 50 years. The grovvth is restrieted to the bovvel vvall 
for a eonsiderable time before it spreads via the lymphaties. 
Bloodstream spread via the portal circulation to the liver occurs 
late. If a diagnosis is made early and a partial eoleetomy is 
performed, aeeompanied by removal of the lymph vessels and 
lymph nodes draining the area, then a cure ean be antieipated. 


Dìvertìeylosis 

Diverticulosis of the eolon is a eommon elinieal eondition. It eon- 
sists of a herniation of the lining mucosa through the circular mus- 
ele betvveen the teniae eoli and occurs at points vvhere the circular 
muscle is vveakest—^that is, vvhere the blood vessels pieree the 
muscle (Fig. 5.38). The eommon site for herniation is shovvn in Figure 
5.38. The term divertieolitis refers to the inflammation of a divertie- 
ulum or diverticula, and this may result in perforation of the gut vvall. 

Cecostomy and Colostomy 

Because of the anatomie mobility of the cecum, transverse 
eolon, and sigmoid eolon, they may be brought to the surface 
through a small opening in the anterior abdominal vvall. If the 
cecum or transverse eolon is then opened, the bovvel eontents 
may be allovved to drain by this route. These procedures are 
referred to as eeeostomy or eolostomy, respeetively, and are 
used to relieve large-bovvel obstructions. 


Volvnlns 

Because of its extreme mobility, the sigmoid eolon sometimes 
rotates around its mesentery. This may eorreet itself spontane- 
ously or the rotation may continue until the blood supply of the 
gut is cut off eompletely. 

lntussusceptìon 

lntussusception is the teleseoping of a proximal segment of the 
bovvel into the lumen of an adjoining distal segment. Needless to 
say,there is a grave riskof cutting offthe blood supplyto the gutand 
developing gangrene. It is eommon in ehildren. lleoeolie, eoloeolie, 
and ileoileal forms do occur, but ileoeolie is the most eommon. 

The high ineidenee in ehildren may be caused by the relatively 
large size of the large bovvel eompared vvith the small intestine 
at this time of life. Another faetor may be the possible svvelling 
of Peyer's patehes seeondary to infeetion. In the latter ease, the 
svvollen pateh protrudes into the lumen and violent peristalsis of 
the ileal vvall tries to pass it distally along the gut lumen. 
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Development of the Dìgestìve System 

The digestive tube is formed from the yolk sae. The entoderm 
forms the epithelial lining, and the splanehnie mesenehyme 
forms the surrounding muscle and serous eoats. The develop- 
ing gut is divided into the foregnt, midgnt, and hindgnt (Fig. 5.39). 

Development of the Esophagns 

The esophagus develops from the narrovv part of the foregutthat 
succeeds the pharynx (Fig. 5.39). At first, it is a short tube, but 
when the heart and diaphragm deseend, it elongates rapidly. 

Atresia ofthe Esophagos 

Atresia of the esophagus, with and without fistula, with the tra- 
ehea is eonsidered in detail on page 75. 

Esophageal Stenosìs 

Esophageal stenosis is a narrowing of the lumen of the esopha- 
gus, which eommonly occurs in the lower part. It is treated by 
dilatation. 

eongenital Short Esophagos 

Abnormal shortness of the esophagus is caused by an esopha- 
geal hiatus hernia in the diaphragm. Stomaeh eontents flow into 
the esophagus, resulting in esophagitis. 

Development of the Stomaeh 

The stomaeh develops as a dilatation of the foregut (Fig. 5.40). 
To begin with, it has a ventral and dorsal mesentery. Very aetive 
grovvth takes plaee along the dorsal border, which beeomes 
convex and forms the greater enrvatnre. The anterior border 
beeomes eoneave and forms the lesser curvature. The fundus 
appears as a dilatation atthe upper end of the stomaeh. Atthis 
stage, the stomaeh has a right and left surface to which the right 
and left vagus nerves are attaehed, respeetively (Fig. 5.40). With 
the greatgrowth ofthe rightlobe ofthe liver,the stomaeh is grad- 
ually rotatedto the rightso thatthe leftsurface beeomes anterior 
and the right surface, posterior. The ventral and dorsal mesenter- 
ies now ehange position as a result of rotation of the stomaeh, 
and they form the omenta and various peritoneal ligaments. 

The pouch of peritoneum behind the stomaeh is known as the 
lesser sae. 

eongenital Hypertrophie Pylorie Stenosis 

Hypertrophie pylorie stenosis is a relatively eommon emergeney 
in infants between the ages of 3 and 6 weeks. The ehild ejeets the 
stomaeh eontents with eonsiderableforee.The exactcause ofthe 
stenosis is unknown, although evidenee suggests thatthe number 
of autonomic ganglion eells in the stomaeh wall is fewerthan nor- 
mal. This possibility leads to prenatal neuromuscular ineoordina- 
tion and loealized muscular hypertrophy and hyperplasia of the 
pylorie sphineter. It is much more eommon in male ehildren. 

Development of the Dnodennm 

The duodenum is formed from the most caudal portion of the 
foregut and the most eephalie end of the midgut. This region rap- 
idly grows to form a loop. At this time, the duodenum has a mes- 
entery that extends to the posterior abdominal wall and is part 
of the dorsal mesentery. A small part of the ventral mesentery 


is also attaehed to the ventral border of the first part of the duo- 
denum and the upper half of the seeond part of the duodenum. 
When the stomaeh rotates, the duodenal loop is foreed to rotate 
to the right, where the seeond, third, and fourth parts adhere 
to the posterior abdominal wall. Now the peritoneum behind 
the duodenum disappears. However, some smooth muscle and 
fibrous tissue that belong to the dorsal mesentery remain as the 
suspensory ligament of the duodenum (ligament of Treitz), and 
this fixes the terminal part of the duodenum and prevents it from 
moving inferiorly (Fig. 5.41). The liver and panereas arise as ento- 
dermal buds from the developing duodenum. 

Atresia and Stenosis 

During the development of the duodenum, the lining eells prolif- 
erate at such a rate thatthe lumen beeomes eompletely obliter- 
ated. Later, as a result of degeneration of these eells, the gut 
beeomes reeanalized. Failure of reeanalization could produce 
atresia or stenosis. Different forms of duodenal atresia and ste- 
nosis are shown in Figure 5.42. Vomiting is the most eommon 
presenting symptom, and the vomitus usually is bile stained. 
Surgical treatment during the first few days of life is essential. 

Development of the Jejunum, lleum, Cecum, Appendix, 
Aseending Golon, and Proximal Two Thirds of the 
Transverse Golon 

Distal to the duodenum, the small intestine and the large intes- 
tine, as far as the distal third of the transverse eolon, develop 
from the midgut. The midgut inereases rapidly in length and 
forms a loop to the apex, on which is attaehed the vitelline duct; 
this duct passes through the widely open umbilicus (Fig. 5.39). 
At the same time, the dorsal mesentery elongates, and passing 
through itfrom the aorta to the yolk sae are the vitelline arteries. 
These arteries now fuse to form the snperior mesenterie artery, 
which supplies the midgut and its derivatives. The rapidly grow- 
ing liver and kidneys now eneroaeh on the abdominal eavity, 
causing the midgut loop to herniate into the umbilical eord. 

A diverticulum appears at the caudal end of the bowel loop, 
and this forms the cecum. At first, the diverticulum is eonieal; 
later, the upper part expands and forms the cecum, while the 
lower part remains rudimentary and forms the appendix (Fig. 
5.43). After birth, the wall of the cecum grows unequally, and the 
appendix eomes to lie on its medial side. 

While the loop of gut is in the umbilical eord, its eephalie limb 
beeomes greatly elongated and eoiled and forms the future jeju- 
num and greater partofthe ileum.The caudal limb ofthe loop also 
inereases in length, but it remains uncoiled and forms the future 
distal part of the ileum, the cecum, the appendix, the aseending 
eolon, and the proximal two thirds of the transverse eolon. 

Rotation ofthe Midgot Loop in the IJmbilieal Cord and its 
Retorn to the Abdominal Gavity 

While in the umbilical eord, the midgut rotates around an axis 
formed by the superior mesenterie artery and the vitelline duct. 
As one views the embryo from the anterior aspeet, a counter- 
clockwise rotation of approximately 90° occurs (Fig. 5.44). Later, 
as the gut returns to the abdominal eavity, the midgut rotates 
counterclockwise an additional 180°. Thus, a total rotation of 
270° counterclockwise has occurred (Fig. 5.45). 


(eontinaed) 
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The rotation of the gut results in part of the large intestine 
(transverse eolon) eoming in front of the superior mesenterie 
artery and the seeond part of the duodenum; the third part of the 
duodenum eomesto lie behindthe artery. The cecum and appen- 
dix eome into elose eontaet with the right lobe of the liver. Later, 
the cecum and appendix deseend into the right iliae fossa so that 
the aseending eolon and right eolie flexure are formed. Thus, the 
rotation of the gut has resulted in the large gut eoming to lie lat- 
erally and eneirele the eentrally plaeed small gut. 

The primitive mesenteries of the duodenum and aseending 
and deseending eolons now fuse with the parietal peritoneum 
on the posterior abdominal wall. This explains how these parts 
of the developing gut beeome retroperitoneal. The primitive mes- 
enteries of the jejunum and ileum, the transverse eolon, and the 
sigmoid eolon persistasthe mesentery ofthe small intestine,the 
transverse mesoeolon, and the sigmoid mesoeolon, respeetively. 

The rotation of the stomaeh and duodenum to the right is 
largely brought about by the great growth of the right lobe of the 
liver. The left surface of the stomaeh beeomes anterior, and the 
right surface beeomes posterior. A pouch of peritoneum beeomes 
loeated behind the stomaeh and is ealled the lesser sae. 


Fate ofthe Vitelline Duct 

The midgut is at first eonneeted with the yolk sae by the vitelline 
duct. By the time, the gut returns to the abdominal eavity, the 
duct beeomes obliterated and severs its eonneetion with the gut. 

Development ofthe Left Collc Flexure, Deseending Colon, 
Sigmoid Colon, Reetnm, and Llpper Halfofthe Anal Canal 

The left eolie flexure, deseending eolon, sigmoid eolon, rectum, 
and upper half of the anal eanal are developed from the hindgut 
(see page 186). 


Divertienla ofthe Intestine 

All eoats of the intestinal wall are found in the wall of a eon- 
genital diverticulum. In the duodenum, diverticula are found on 
the medial wall of the seeond and third parts (Fig. 5.42). Usually, 
these are symptomless. Jejunal diverticula oeeasionally occur 
and usually give rise to no symptoms. For Meekel's diverticu- 
lum of the ileum, see next column. A diverticulum of the cecum 
is eommonly situated on the medial side of the cecum elose to 
the ileoeeeal valve. It may be subjectto acute inflammation and 
then is confused with appendieitis. Diverticula of the eolon are 
acquired, not eongenital (see page 185). 


Atresia and Stenosis of the Intestine 

The most eommon site of an atretie or stenotie obstruction is in 
the duodenum (see previous page). The next most eommon sites 
are the ileum and jejunum, respeetively (Fig. 5.42). Frequently, 
the obstruction occurs at multiple sites. The cause is possibly 
the failure of the lumen to beeome reeanalized after it has been 
bloeked by epithelial proliferation of the eells of the mucous 
membrane. Other causes have been suggested, such as vascu- 
lar damage assoeiated with twisting or volvulus of the intestine. 
Persistent bile-stained vomiting occurs from birth. Surgical relief 
of the obstruction should be earried out as soon as possible. 


Duplication of the Digestive System 

In duplication of the digestive system, the normal degenera- 
tion of the mucous membrane eells, which have proliferated to 


temporarily bloekthe lumen, occurs attwo sites simultaneously 
instead of at one. In this way, two lumina are formed side by side. 
The additional segment of bowel should be removed as soon as 
possible, sinee it may cause obstruction or be the site of hemor- 
rhage or perforation. 


Arrested Rotation or Malrotation of the Midgut Loop 

Domplete Absenee ofRotation or ineomplete Rotation 


Gomplete absenee of rotation is rare. In eases of ineomplete 
rotation, no further rotation occurs afterthe initial counterclock- 
wise rotation of 90° in the umbilical eord. Thus, the duodenum, 
jejunum, and ileum remain on the right side of the abdomen, and 
the cecum and eolon are on the left side of the abdomen (Fig. 
5.42). In other eases, a counterclockwise rotation of 180° occurs, 
and although the duodenum may take up its eorreet position pos- 
terior to the superior mesenterie artery, the cecum eomes to lie 
anterior and to the left of the duodenum. Abnormal adhesions 
form, which run aeross the anterior surface of the duodenum 
and cause obstruction to its seeond part. 


Malrotation ofthe MidgutLoop 

Counterclockwise rotation of 90° followed by clockwise rotation 
of 90° or 180° may occur. In these eases, the duodenum eomes 
to lie anterior to the superior mesenterie artery, and the eolon 
may eome to lie anterior to the mesentery of the small intes- 
tine. Repeated vomiting is usually the presenting symptom and 
is caused by duodenal obstruction. Surgical eorreetion of the 
ineomplete rotation or malrotation of the gut is performed, and 
all adhesions are divided. 


Persistenee of the Vitellointestinal Duct 

The vitelline duct in the early embryo eonneets the develop- 
ing gut to the yolk sae (Fig. 5.46). Normally, as development 
proeeeds, the duct is obliterated, severs its eonneetion with 
the intestine, and disappears. Persistenee of the vitellointes- 
tinal duct ean result in an umbilical fistula (see Fig. 4.38). If the 
duct remains as a fibrous band, a loop of small intestine ean 
beeome wrapped around it, causing intestinal obstruction (see 
Fig. 4.38). 


Meekel's Diverticulum 

Meekel's diverticulum, a eongenital anomaly, represents 
a persistent portion of the vitellointestinal duct. The diverticu- 
lum is loeated on the antimesenterie border of the ileum about 
2 ft (61 em) from the ileoeeeal junction. It is about 2 in. (5 em) 
long and occurs in about 2% of individuals. The diverticulum is 
important elinieally, sinee it may possess a small area of gas- 
trie mucosa, and bleeding may occur from a "gastrie" ulcer 
in its mucous membrane. Moreover, the pain from this ulcer 
may be confused with the pain from appendieitis. Should a 
fibrous band eonneet the diverticulum to the umbilicus, a loop 
of small bowel may beeome wrapped around it, causing intes- 
tinal obstruction. 

Dndeseended Geenm and Appendix 

In eases of undescended cecum and appendix, an inflammation 
of the appendix would give rise to tenderness in the right hypo- 
chondrium, which may lead to a mistaken diagnosis of inflamma- 
tion of the gallbladder. 


(continued} 
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Anomalies of the Appendix 

Agenesis of the appendix (failare to develop) is extremely 
rare; hovvever, a few examples of double appendix have been 
reported (Fig. 5.42). The possibility of left-sided appendix in indi- 
viduals with transposition of thoraeie and abdominal viseera 
or in eases of arrested rotation of the midgut should always be 
remembered (Fig. 5.42). 


Anomalies of the Golon 

The eongenital anomaly of undescended cecum or failure of 
rotation of the gut so that the cecum lies in the left iliae fossa 
may give rise to confusion in diagnosis. The pain of appendiei- 
tis, for example, although initially starting in the umbilical region, 
may shift notto the right iliae fossa, butto the right upper quad- 
rant or to the left lower quadrant. 









e F 


FIGURE 5.37 Series of the interior of the large bovvel taken during a eolonoseopy procedure. A.The reetal nnucosa shovvs a 
small benign polyp (arrovvhead). B.The sigmoid mucous membrane shovvs evidenee of a mild diverticulosis. Arrovvheads 
indieate the entranees into the mucosal pouches. G.The splenie flexure is normal. Note the light refleetions from the drops 
of mucus on the mucous membrane. D.The transverse eolon shovvs the eharaeteristie normal folds or ridges (arrovvheads) 
betvveen the sacculations of the wall of the eolon. E.The ileoeeeal valve shows the upper lip (arrovvheads) of the valve, 
which has a normal appearanee. F. Finally, the mucous membrane lining the inferior wall or floor of the cecum looks normal. 
(Courtesy of M.H. Brand.) 
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FIGLIRE 5.38 Blood supply to the eolon (A) and formation 
of the diverticulum (B). Note the passage of the mucosal 
diverticulum through the muscle eoat along the course of 
the artery. 
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FIGURE5.39 The foregut, midgut, and hindgut.The positions 
of the ventral and dorsal mesenteries, the hepatie bud, and 
the ventral and dorsal panereatie buds are also shovvn. 
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FIGURE 5.40 Development of the stomaeh in relation to the ventral and dorsal mesenteries. Note how the stomaeh rotates 
so that the left vagus nerve eomes to lie on the anterior surface of the stomaeh. Note also the position of the lesser sae. 
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FIGURE 5.41 The development of the panereas and the extrahepatic biliary apparatus. 



FIGURE5.42 Some eommon eongenital anomalies of the intestinal traet. 1-3. Gongenital atresias of the small intestine. 4. 
Diverticulum of the duodenum or jejunum. 5. Mesenterie eyst of the small intestine. 6. Absenee of the appendix. 7. Double 
appendix. 8 . Malrotation of the gut, with the appendix lying in the left iliae fossa. For Meekel's diverticulum, see Figure 4.38. 





















































BasieAnatomy 191 


eephalie limb of midgut loop 


vitelline duct 


caudal limb of midgut loop 



appendix 



FIGURE5.43 Stages in the development of the cecum and appendix.The final stages of development (stages 4, 5, and 6) 
take plaee after birth. 


the artery enters the splenieorenal ligament and runs to the 
hilum of the spleen (Fig. 5.11). 

Branehes 

■ Panereatie branehes. 

■ The left gastroepiploie artery arises near the hilum of 
the spleen and reaehes the greater curvature of the stom- 
aeh in the gastrosplenie omentnm. It passes to the right 


along the greater curvature of the stomaeh between the 
layers of the greater omentnm. It anastomoses with the 
right gastroepiploie artery (Fig. 5.20). 

■ The short gastrie arteries, five or six in number, 
arise from the end of the splenie artery and reaeh the 
fundus of the stomaeh in the gastrosplenie omentnm. 
They anastomose with the left gastrie artery and the left 
gastroepiploie artery (Fig. 5.20). 
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FIGURE 5.44 Left-side vievvs of the counterclockvvise 90° rotation of the midgut loop vvhile it is in the extraembryonic eoelom 
in the umbilical eord. 
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FIGURE 5.45 A, B: Left-side vievvs of the counterclockwise 180° rotation of the midgyt loop as it is withdrawn into the 
abdominal eavity. C:The deseent of the cecum takes plaee later. 


Hepatie Artery. The medium-size hepatie artery"^ runs 
forward and to the right and then aseends between the 
layers of the lesser omentnm (Figs. 5.7 and 5.11). It lies in 
front of the opening into the lesser sae and is plaeed to the 
left of the bile duct and in front of the portal vein. At the 
porta hepatis, it divides into right and left branehes to sup- 
ply the eorresponding lobes of the liver. 

Branehes 

■ The right gastrie artery arises from the hepatie artery at 
the upper border of the pylorus and runs to the left in the 
lesser omentnm along the lesser curvature of the stom- 
aeh. It anastomoses with the left gastrie artery (Fig. 5.20). 


"^For pnrposes of deseription, the hepatie artery is sometimes 
divided into the eommon hepatie artery, which extends from 
its origin to the gastrodnodenal braneh, and the hepatie artery 
proper, which is the remainder of the artery. 


■ The gastroduodenal artery is a large braneh that 
deseends behind the first part of the duodenum. It 
divides into the right gastroepiploie artery that runs 
along the greater curvature of the stomaeh between the 
layers of the greater omentnm and the superior pan- 
ereatieodnodenal artery that deseends between the see- 
ond part of the duodenum and the head of the panereas 
(Figs. 5.4 and 5.20). 

■ The right and left hepatie arteries enter the porta hepatis. 
The right hepatie artery usually gives off the eystie artery, 
which runs to the neek of the gallbladder (Fig. 5.47). 

Superior Mesenterie Artery 

The snperior mesenterie artery snpplies the distal part of 
the duodenum, the jejunum, the ileum, the cecum, the 
appendix, the aseending eolon, and most of the transverse 
eolon. It arises from the front of the abdominal aorta just 
below the eeliae artery (Fig. 5.32) and runs downward and 
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FIGURE 5.46 Formation of the midgut loop (shadeef). Note hovv the superior mesenterie artery and the vitelline duct form an 
axis for the future rotation of the midgut loop. 


to the right behind the neek of the panereas and in front of 
the third part of the dnodennm. It eontinnes downward to 
the right between the layers of the mesentery of the small 
intestine and ends by anastomosing with the ileal braneh of 
its own ileoeolie braneh. 

Branehes 

■ The inferior panereatieodnodenal artery passes to the 
right as a single or donble braneh along the npper bor- 
der of the third part of the dnodennm and the head of 


the panereas. It snpplies the panereas and the adjoining 
part of the dnodennm. 

■ The middle eolie artery runs forward in the transverse 
mesoeolon to supply the transverse eolon and divides 
into right and left branehes. 

■ The right eolie artery is often a braneh of the ileoeolie 
artery. It passes to the right to supply the aseending eolon 
and divides into aseending and deseending branehes. 

■ The ileoeolie artery passes downward and to the right. 
It gives rise to a superior braneh that anastomoses with 
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FIGURE 5.47 


Structures entering and leaving the porta hepatis. 
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the right eolie artery and an inferior braneh that anas- 
tomoses with the end of the snperior mesenterie artery. 
The inferior braneh gives rise to the anterior and poste- 
rior eeeal arteries; the appendienlar artery is a braneh 
of the posterior eeeal artery (Fig. 5.33). 

■ The jejnnal and ileal branehes are 1 2 to 1 5 in nnmber and 
arise from the left side of the snperior mesenterie artery 
(Fig. 5.32). Eaeh artery divides into two vessels, which 
nnite with adjaeent branehes to form a series of areades. 
Branehes from the areades divide and nnite to form a 
seeond, third, and fonrth series of areades. Fewer areades 
snpply the jejnnnm than snpply the ilenm. From the ter- 
minal areades, small straight vessels snpply the intestine. 

Inferior Mesenterie Artery 

The inferior mesenterie artery snpplies the distal third of 
the transverse eolon, the left eolie f[exure, the deseending 
eolon, the sigmoid eolon, the rectum, and the upper half 
of the anal eanal. It arises from the abdominal aorta about 
1.5 in. (3.8 em) above its bifnreation (Fig. 5.36). The artery 
runs downward and to the left and erosses the left eommon 
iliae artery. Here, it beeomes the snperior reetal artery. 

Branehes 

■ The left eolie artery runs upward and to the left and sup- 
plies the distal third of the transverse eolon, the left eolie 
f[exure, and the upper part of the deseending eolon. It 
divides into aseending and deseending branehes. 

■ The sigmoid arteries are two or three in number and 
supply the deseending and sigmoid eolon. 

■ The superior reetal artery is a eontinnation of the infe- 
rior mesenterie artery as it erosses the left eommon iliae 
artery. It deseends into the pelvis behind the rectum. 
The artery supplies the rectum and upper half of the 
anal eanal and anastomoses with the middle reetal and 
inferior reetal arteries. 

Marginal Artery 

The anastomosis of the eolie arteries around the eoneave 
margin of the large intestine forms a single arterial trunk 
ealled the marginal artery. This begins at the ileoeeeal 
jnnetion, where it anastomoses with the ileal branehes of 
the snperior mesenterie artery, and it ends where it anasto- 
moses less freely with the snperior reetal artery (Fig. 5.36). 





E M B R Y 0 L 0 G I e N 0 T E S 


Explanation for the Blood Snpply to the 
Gastrointestínal Traet 

Foregnt Arteries 

The eephalie end of the foregot (vvhieh inelodes the pharynx) 
and the eervieal and thoraeie portions of the esophagos are 
sopplied by the aseending pharyngeal arteries, palatine arter- 
ies, soperior and inferior thyroid arteries, bronehial arteries, 
and esophageal branehes from the aorta. The caudal end of 


(eontinaedj 


the foregut (vvhieh includes the distal third of the esophagus, 
the stomaeh, and the proximal half of the duodenum) is sup- 
plied by a number of vessels that fuse to form a single trunk, 
the eeliae artery (Fig. 5.46). It is interesting to note that this 
artery also supplies the liver and panereas, vvhieh are glan- 
dular derivatives of this part of the gut. The spleen is also 
supplied by the same artery, vvhieh is not surprising, sinee 
this organ develops in the dorsal mesentery of the foregut; 
the artery to the spleen runs in the splenieorenal ligament. 

Midgut Artery 

The midgut, vvhieh extends from halfvvay along the seeond 
part of the duodenum to the left eolie flexure, is supplied by the 
superior mesenterie artery, vvhieh represents the fused pair of 
vitelline arteries (Fig. 5.46). 

Hindgut Artery 

The hindgut, vvhieh extends from the left eolie flexure to half- 
vvay dovvn the anal eanal, is supplied by the inferior mesen- 
terie artery (Fig. 5.46). This represents a number of ventral 
branehes of the aorta that fuse to form a single artery. 


Venous Drainage 

The venous blood from the greater part of the gastrointes- 
tinal traet and its aeeessory organs drains to the liver by the 
portal venous system. 

The proximal tributaries drain direetly into the portal 
vein, but the veins forming the distal tribntaries eorrespond 
to the branehes of the eeliae artery and the snperior and 
inferior mesenterie arteries. 

Portal Vein (Hepatie Portal Vein) 

The portal vein (Fig. 5.22) drains blood from the abdomi- 
nal part of the gastrointestinal traet from the lower third of 
the esophagns to halfway down the anal eanal; it also drains 
blood from the spleen, panereas, and gallbladder. The portal 
vein enters the liver and breaks up into sinnsoids, from which 
blood passes into the hepatie veins that join the inferior vena 
eava. The portal vein is about 2 in. (5 em) long and is formed 
behind the neek of the panereas by the union of the supe- 
rior mesenterie and splenie veins (Fig. 5.48). It aseends to the 
right, behind the first part of the duodenum, and enters the 
lesser omentnm (Figs. 5.7 and 5.11). It then runs upward in 
front of the opening into the lesser sae to the porta hepatis, 
where it divides into right and left terminal branehes. 

The portal eirenlation begins as a eapillary plexus in the 
organs it drains and ends by emptying its blood into sinu- 
soids within the liver. 

For the relations of the portal vein in the lesser omen- 
tum, see Figures 5.7 and 5.11. 

Tributaries of the Portal Vein The tribntaries of the portal 
vein are the splenie vein, snperior mesenterie vein, left gas- 
trie vein, right gastrie vein, and eystie veins. 

■ Splenie vein: This vein leaves the hilum of the spleen 
and passes to the right in the splenieorenal ligament. 
It unites with the snperior mesenterie vein behind the 
neek of the panereas to form the portal vein (Fig. 5.48). 
It reeeives the short gastrie, left gastroepiploie, inferior 
mesenterie, and panereatie veins. 
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FIGURE 5.48 Fornnation of the portal vein behind the neek of the panereas. 


■ Inferior mesenterie vein: This vein aseends on the 
posterior abdominal wall and joins the splenie vein behind 
the body of the panereas (Fig. 5.48). It reeeives the supe- 
rior reetal veins, the sigmoid veins, and the left eolie vein. 

■ Snperior mesenterie vein: This vein aseends in the root 
of the mesentery of the small intestine. It passes in front of 
the third part of the duodenum and joins the splenie vein 
behind the neek of the panereas (Fig. 5.48). It reeeives the 
jejnnal, ileal, ileoeolie, right eolie, middle eolie, inferior 
panereatieodnodenal, and right gastroepiploie veins. 


■ Left gastrie vein: This vein drains the left portion of 
the lesser curvature of the stomaeh and the distal part 
of the esophagns. It opens direetly into the portal vein 
(Fig. 5.22). 

■ Right gastrie vein: This vein drains the right portion of 
the lesser curvature of the stomaeh and drains direetly 
into the portal vein (Fig. 5.22). 

■ Gystie veins: These veins either drain the gallblad- 
der direetly into the liver or join the portal vein 
(Fig. 5.22). 



Portal-Systemie Anastomoses 

Llnder normal eonditions, the portal venous blood traverses 
the liver and drains into the inferior vena eava of the systemie 
venous circulation by way of the hepatie veins. This is the direet 
route. However, other, smaller communications exist between 
the portal and systemie systems, and they beeome important 
when the direet route beeomes bloeked (Fig. 5.49). 

These communications are as follows: 


■ Atthe lowerthird ofthe esophagus,the esophageal branehes 
of the left gastrie vein (portal tributary) anastomose with the 
esophageal veins draining the middle third of the esophagus 
into the azygos veins (systemie tributary). 

■ Halfway down the anal eanal, the superior reetal veins (portal 
tributary) draining the upper half of the anal eanal anasto- 
mose with the middle and inferior reetal veins (systemie trib- 
utaries), which are tributaries of the internal iliae and internal 
pudendal veins, respeetively. 

■ The paraumbilical veins eonneetthe left braneh of the portal 
vein with the superficial veins of the anterior abdominal wall 
(systemie tributaries). The paraumbilical veins travel in the 
faleiform ligament and aeeompany the ligamentum teres. 

■ The veins of the aseending eolon, deseending eolon, duode- 
num, panereas, and liver (portal tributary) anastomose with 

the renal, lumbar, and phrenie veins (systemie tributaries). 

V___ 


Portal Hypertension 

Portal hypertension is a eommon elinieal eondition; thus, the 
list of portal-systemie anastomoses should be remembered. 
Enlargement of the portal-systemie eonneetions is frequently 
aeeompanied by eongestive enlargement of the spleen. 
Portaeaval shunts for the treatment of portal hypertension may 
involve the anastomosis of the portal vein, because it lies within 
the lesser omentum, to the anterior wall of the inferior vena 
eava behind the entranee into the lesser sae. The splenie vein 
may be anastomosed to the left renal vein after removing the 
spleen. 

Blood Flow ìn the Portal Veìn and Malìgnant Dìsease 

The portal vein eonveys about 70% of the blood to the liver. The 
remaining 30% is oxygenated blood, which passes to the liver 
via the hepatie artery. The wide angle of union of the splenie 
vein with the superior mesenterie vein to form the portal vein 
leads to streaming of the blood flow in the portal vein. The 
right lobe of the liver reeeives blood mainly from the intestine, 
whereas the left lobe plus the quadrate and caudate lobes 
reeeive blood from the stomaeh and the spleen. This distribu- 
tion of blood may explain the distribution of seeondary malig- 
nant deposits in the liver. 
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Differenees Between the Small and 
Large Intestine 

External Dìfferenees 

■ The small intestine (with the exception of the dnode- 
num) is mobile, whereas the aseending and deseending 
parts of the eolon are fixed. 

■ The ealiber of the full small intestine is smaller than that 
of the filled large intestine. 

■ The small intestine (with the exception of the duode- 
num) has a mesentery that passes downward aeross the 
midline into the right iliae fossa. 

■ The longitndinal muscle of the small intestine forms a 
continuous layer around the gut. In the large intestine 
(with the exception of the appendix), the longitndinal 
muscle is eolleeted into three bands, the teniae eoli 
(Fig. 5.50). 

■ The small intestine has no fatty tags attaehed to its wall. 
The large intestine has fatty tags, ealled the appendiees 
epiploieae. 

■ The wall of the small intestine is smooth, whereas that of 
the large intestine is saeenlated (Fig. 5.50). 

Internal Differenees 

■ The mucous membrane of the small intestine has per- 
manent folds, ealled plieae eirenlares, which are absent 
in the large intestine. 

■ The mucous membrane of the small intestine has villi, 
which are absent in the large intestine. 


■ Aggregations of lymphoid tissue ealled Peyer’s patehes 
are found in the mucous membrane of the small intes- 
tine; these are absent in the large intestine (Fig. 5.50). 

Aeeessory Organs of the 
Gastrointestinal Traet 

Liver 

Loeation and Deseription 

The liver is the largest gland in the body and has a wide 
variety of fimetions. Three of its basie fimetions are pro- 
dnetion and seeretion of bile, which is passed into the intes- 
tinal traet; involvement in many metabolie aetivities related 
to earbohydrate, fat, and protein metabolism; and filtration 
of the blood, removing baeteria and other foreign partieles 
that have gained entranee to the blood from the lumen of 
the intestine. 

The liver synthesizes heparin, an antieoagnlant sub- 
stanee, and has an important detoxicating fimetion. It pro- 
duces bile pigments from the hemoglobin of worn-out red 
blood corpuscles and seeretes bile salts; these together are 
eonveyed to the duodenum by the biliary ducts. 

The liver is soft and pliable and oeenpies the upper part of 
the abdominal eavityjnstbeneath the diaphragm (Fig. 5.1). 
The greater part of the liver is sitnated under eover of the 
right eostal margin, and the right hemidiaphragm separates 
it from the pleura, lungs, perieardinm, and heart. The liver 
extends to the left to reaeh the left hemidiaphragm. The 
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FIGURE5.50 Some external and internal differenees 
betvveen the small and large intestine. 


convex npper snrfaee of the liver is molded to the nnder- 
snrfaee of the domes of the diaphragm. The posteroinfe- 
rior, or viseeral snrfaee, is molded to adjaeent viseera and 
is therefore irregnlar in shape; it lies in eontaet with the 
abdominal part of the esophagns, the stomaeh, the dnode- 
num, the right eolie f[exure, the right kidney and snprare- 
nal gland, and the gallbladder. 

The liver may be divided into a large right lobe and 
a small left lobe by the attaehment of the peritonenm of 
the faleiform ligament (Fig. 5.8). The right lobe is fnrther 
divided into a quadrate lobe and a caudate lobe by the 
presenee of the gallbladder, the fissnre for the ligamentnm 
teres, the inferior vena eava, and the fissnre for the ligamen- 
tum venosum. Experiments have shown that, in faet, the 
quadrate and eandate lobes are a fimetional part of the leff 
lobe of the liver. Thus, the right and left branehes of the 
hepatie artery and portal vein, and the right and left hepatie 
ducts, are distributed to the right lobe and the left lobe (plus 
quadrate plus caudate lobes), respeetively. Apparently, the 
two sides overlap very little. 

The porta bepatis, or hilum of the liver, is found on 
the posteroinferior snrfaee and lies between the eandate 
and quadrate lobes (Figs. 5.8 and 5.9). The upper part 
of the free edge of the lesser omentum is attaehed to its 
margins. In it lie the right and left hepatie ducts, the right 


and left branehes of the hepatie artery, the portal vein, and 
sympathetie and parasympathetie nerve fibers (Fig. 5.47). 
A few hepatie lymph nodes lie here; they drain the liver 
and gallbladder and send their efferent vessels to the eeliae 
lymph nodes. 

The liver is eompletely surrounded by a fibrons eap- 
sule but only partially eovered by peritonenm. The liver is 
made up of liver lobules. The eentral vein of eaeh lobule 
is a tributary of the hepatie veins. In the spaees between 
the lobnles are the portal eanals, which eontain branehes 
of the hepatie artery, portal vein, and a tribntary of a bile 
duct (portal triad). The arterial and venous blood passes 
between the liver eells by means of sinnsoids and drains 
into the eentral vein. 

Important Relations 

■ Anteriorly: Diaphragm, right and left eostal margins, 
right and left pleura and lower margins of both lungs, 
xiphoid proeess, and anterior abdominal wall in the sub- 
eostal angle 

■ Posteriorly: Diaphragm, right kidney, hepatie fiexure 
of the eolon, duodenum, gallbladder, inferior vena eava, 
and esophagns and fundus of the stomaeh 

Peritoneal Ligaments of the Liver 

The faleiform ligament, which is a two-layered fold of 
the peritoneum, aseends from the umbilicus to the liver 
(Fig. 5.8). It has a siekle-shaped free margin that eontains 
the ligamentnm teres, the remains of the nmbilieal vein. The 
faleiform ligament passes on to the anterior and then the 
snperior snrfaees of the liver and then splits into two layers. 
The right layer forms the upper layer of the eoronary liga- 
ment; the left layer forms the upper layer of the left triangn- 
lar ligament (Fig. 5.8). The right extremity of the eoronary 
ligament is known as the right triangnlar ligament of the 
liver. It should be noted that the peritoneal layers forming 
the eoronary ligament are widely separated, leaving an area 
of liver devoid of peritonenm. Such an area is referred to as 
a bare area of the liver (Fig. 5.8). 

The ligamentnm teres passes into a fissnre on the vis- 
eeral snrfaee of the liver and joins the left braneh of the 
portal vein in the porta hepatis (Figs. 5.9 and 5.22). The 
ligamentnm venosnm, a fibrons band that is the remains 
of the ductus venosus, is attaehed to the left braneh of the 
portal vein and aseends in a fissnre on the viseeral sur- 
faee of the liver to be attaehed above to the inferior vena 
eava (Figs. 5.8 and 5.22). In the fetus, oxygenated blood 
is bronght to the liver in the nmbilieal vein (ligamentnm 
teres). The greater proportion of the blood bypasses the 
liver in the ductus venosus (ligamentum venosum) and 
joins the inferior vena eava. At birth, the nmbilieal vein and 
ductus venosus elose and beeome fibrons eords. 

The lesser omentum arises from the edges of the porta 
hepatis and the fissnre for the ligamentnm venosnm and 
passes down to the lesser curvature of the stomaeh (Fig. 5.10). 

Blood Supply 

Arteries 

The hepatie artery, a braneh of the eeliae artery, divides 
into right and left terminal branehes that enter the porta 
hepatis. 
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Veins 

The portal vein divides into right and left terminal branehes 
that enter the porta hepatis behind the arteries. The hepatie 
veins (three or more) emerge from the posterior snrfaee of 
the liver and drain into the inferior vena eava. 

Blood Circulation through the Liver 

The blood vessels (Fig. 5.47) eonveying blood to the liver 
are the hepatie artery (30%) and portal vein (70%). The 
hepatie artery brings oxygenated blood to the liver, and 
the portal vein brings venons blood rieh in the prodnets of 
digestion, which have been absorbed from the gastrointes- 
tinal traet. The arterial and venons blood is eondneted to 
the eentral vein of eaeh liver lobnle by the liver sinnsoids. 
The eentral veins drain into the right and left hepatie veins, 
and these leave the posterior snrfaee of the liver and open 
direetly into the inferior vena eava. 

Lymph Drainage 

The liver prodnees a large amonnt of lymph—abont one 
third to one half of all body lymph. The lymph vessels leave 
the liver and enter several lymph nodes in the porta hepatis. 
The efferent vessels pass to the eeliae nodes. A few vessels 
pass from the bare area of the liver throngh the diaphragm 
to the posterior mediastinal lymph nodes. 

Nerve Supply 

Sympathetie and parasympathetie nerves form the eeliae 
plexus. The anterior vagal trunk gives rise to a large hepatie 
braneh, which passes direetly to the liver. 

Bile Ducts of the Liver 

Bile is seereted by the liver eells at a eonstant rate of about 
40 mL per hour. When digestion is not taking plaee, the 


e L I N I e A L N 0 T E S 


Lìver Supports and Surgery 

The liver is held in position in the upper part of the abdominal 
eavity by the attaehment of the hepatie veins to the inferior vena 
eava. The peritoneal ligaments and the tone of the abdominal 
muscles play a minor role in its support. This faet is important 
surgically because even if the peritoneal ligaments are cut, the 
liver ean be only slightly rotated. 

LìverTrauma 

The liver is a soft, friable structure enelosed in a fibrous eap- 
sule. Its elose relationship to the lovver ribs must be emphasized. 
Fractures of the lovver ribs or penetrating vvounds of the thorax 
or upper abdomen are eommon causes of liver injury. Blunttrau- 
matie injuries from automobile aeeidents are also eommon, and 
severe hemorrhage aeeompanies tears of this organ. 

Because anatomie researeh has shovvn that the bile ducts, 
hepatie arteries, and portal vein are distributed in a segmental 
manner, appropriate ligation of these structures allovvs the sur- 
geon to remove large portions of the liver in patients vvith severe 
traumatic laeerations of the liver or vvith a liver tumor. (Even 



bile is stored and eoneentrated in the gallbladder; later, 
it is delivered to the dnodennm. The bile dnets of the 
liver eonsist of the right and left hepatie ducts, the eom- 
mon hepatie duct, the bile duct, the gallbladder, and the 
eystie duct. 

The smallest interlobnlar tribntaries of the bile dnets 
are sitnated in the portal eanals of the liver; they reeeive 
the bile eanalienli. The interlobnlar dnets join one another 
to form progressively larger dnets and, eventnally, at the 
porta hepatis, form the right and left hepatie dnets. The 
right hepatie duct drains the right lobe of the liver and the 
left duct drains the left lobe, eandate lobe, and quadrate 
lobe. 

Hepatie Ducts 

The right and left hepatie ducts emerge from the right and 
left lobes of the liver in the porta hepatis (Fig. 5.47). After a 
short course, the hepatie ducts unite to form the eommon 
hepatie duct (Fig. 5.29). 

The eommon hepatie duct is about 1.5 in. (4 em) long 
and deseends within the free margin of the lesser omen- 
tum. It is joined on the right side by the eystie duct from the 
gallbladder to form the bile duct (Fig. 5.29). 

Bile Duct 

The bile duct (eommon bile duct) is about 3 in. (8 em) 
long. In the first part of its course, it lies in the right free 
margin of the lesser omentnm in front of the opening into 
the lesser sae. Here, it lies in front of the right margin of the 
portal vein and on the right of the hepatie artery (Fig. 5.11). 
In the seeond part of its course, it is situated behind the 
first part of the duodenum (Fig. 5.7) to the right of the gas- 
troduodenal artery (Fig. 5.4). In the third part of its course, 
it lies in a groove on the posterior snrfaee of the head of the 



large, loealized eareinomatoos metastatie tumors have been 
successfully removed.) 

Lìver Biopsy 

Liver biopsy is a eommon diagnostie procedure. With the patient 
holding his or her breath in full expiration—to reduce the size of 
the eostodiaphragmatie reeess and the likelihood of damage to 
the lung—a needle is inserted through the right 8th or 9th inter- 
eostal spaee in the midaxillary line. The needle passes through 
the diaphragm into the liver, and a small speeimen of livertissue 
is removed for mieroseopie examination. 

Subphrenìc Spaees 

The important subphrenic spaees and their relationship to the liver 
are deseribed on page 163. Llnder normal eonditions, these are 
potential spaees only, and the peritoneal surfaces are in eontaet. An 
abnormal accumulation of gas orfluid is neeessaryfor separation of 
the peritoneal surfaces. The anterior surface of the liver is normally 
dull on percussion. Perforation of a gastrie ulcer is often aeeompa- 
nied by a loss of liver dullness caused by the accumulation of gas 
overthe anteriorsurface ofthe liver and inthe subphrenic spaees. 
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FIGURE 5.51 Terminal parts of the bile and panereatie ducts 
as they enter the seeond part of the duodenum. Note the 
sphineter of Oddi and the smooth muscle around the ends 
of the bile duct and the main panereatie duct. 


panereas (Fig. 5.29). Here, the bile duct eomes into eontaet 
with the main panereatie duct. 

The bile duct ends below by piereing the medial wall of 
the seeond part of the duodenum about halfway down its 
length (Fig. 5.51). It is usually joined by the main panere- 
atie duct, and together they open into a small ampnlla in 
the dnodenal wall, ealled the hepatopanereatie ampnlla 
(ampnlla of Vater). The ampnlla opens into the lumen 
of the duodenum by means of a small papilla, the major 
dnodenal papilla (Fig. 5.51). The terminal parts of both 
ducts and the ampnlla are surrounded by eirenlar muscle, 
known as the sphineter of the hepatopanereatie ampnlla 
(sphineter of Oddi) (Fig. 5.51). Oeeasionally, the bile and 
panereatie ducts open separately into the duodenum. The 
eommon variations of this arrangement are shown in 
Figure 5.52. 


Gallbladder 

Loeation and Deseription 

The gallbladder is a pear-shaped sae lying on the undersur- 
faee of the liver (Figs. 5.8, 5.9, and 5.29). It has a eapaeity 
of 30 to 50 mL and stores bile, which it eoneentrates by 
absorbing water. The gallbladder is divided into the fun- 
dus, body, and neek. The fundus is ronnded and projeets 
below the inferior margin of the liver, where it eomes in 
eontaet with the anterior abdominal wall at the level of the 
tip of the 9th right eostal eartilage. The body lies in eontaet 
with the viseeral snrfaee of the liver and is direeted upward, 
backward, and to the left. The neek beeomes continuous 
with the eystie duct, which turns into the lesser omentnm 
to join the eommon hepatie duct, to form the bile duct 
(Fig. 5.29). 

The peritoneum eompletely surrounds the fundus of the 
gallbladder and binds the body and neek to the viseeral sur- 
faee of the liver. 

Relations 

■ Anteriorly: The anterior abdominal wall and the infe- 
rior snrfaee of the liver (Fig. 5.2) 

■ Posteriorly: The transverse eolon and the first and see- 
ond parts of the duodenum (Fig. 5.29) 

Function of the Gallbladder 

When digestion is not taking plaee, the sphineter of Oddi 
remains elosed and bile accumulates in the gallbladder. 
The gallbladder eoneentrates bile; stores bile; seleetively 
absorbs bile salts, keeping the bile aeid; excretes eholesterol; 
and seeretes mucus. To aid in these fimetions, the mucous 
membrane is thrown into permanent folds that unite with 
eaeh other, giving the snrfaee a honeyeombed appear- 
anee. The eolnmnar eells lining the snrfaee have numerous 
mierovilli on their free snrfaee. 

Bile is delivered to the duodenum as the result of eon- 
traetion and partial emptying of the gallbladder. This 
meehanism is initiated by the entranee of fatty foods into 
the duodenum. The fat causes release of the hormone 
eholeeystokinin from the mucous membrane of the duo- 
denum; the hormone then enters the blood, eansing the 
gallbladder to eontraet. At the same time, the smooth mus- 
ele around the distal end of the bile duct and the ampnlla is 
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FIGURE 5.52 Three eommon variations of terminations of the bile and main panereatie ducts as they enter the seeond part of 
the duodenum. 



















































200 GHAPTER 5 The Abdomen: Part II—The Abdominal Gavity 


relaxed, thus allowing the passage of eoneentrated bile into 
the duodenum. The bile salts in the bile are important in 
emnlsifying the fat in the intestine and in assisting with its 
digestion and absorption. 

Blood Supply 

The eystie artery, a braneh of the right hepatie artery 
(Fig. 5.47), snpplies the gallbladder. The eystie vein drains 
direetly into the portal vein. Several very small arteries and 
veins also run between the liver and gallbladder. 

Lymph Drainage 

The fymph drains into a eystie lymph node sitnated near 
the neek of the gallbladder. From here, the lymph vessels 
pass to the hepatie nodes along the course of the hepatie 
artery and then to the eeliae nodes. 


Nerve Supply 

Sympathetie and parasympathetie vagal fìbers form the 
eeliae plexus. The gallbladder eontraets in response to 
the hormone eholeeystokinin, which is prodneed by the 
mucous membrane of the duodenum on the arrival of fatty 
food from the stomaeh. 

Cystic Duct 

The eystie duct is about 1.5 in. (3.8 em) long and eonneets 
the neek of the gallbladder to the eommon hepatie duct 
to form the bile duct (Fig. 5.29). It usualfy is somewhat 
S-shaped and deseends for a variable distanee in the right 
free margin of the lesser omentnm. 

The mucous membrane of the eystie duct is raised to 
form a spiral fold that is continuous with a similar fold in 



Gallstones 

Gallstones are usually asymptomatie; hovvever, they ean give 
rise to gallstone eolie or produce acute eholeeystitis. 

Biliary Golie 

Biliary eolie is usually caused by spasm of the smooth muscle 
of the vvall of the gallbladder in an attempt to expel a gallstone. 
Afferent nerve fibers aseend through the eeliae plexus and the 
greater splanehnie nerves to the thoraeie segments of the spinal 
eord. Referred pain is felt in the right upper quadrant or the epi- 
gastrium (T7,8, and 9 dermatomes). 

Obstruction of the biliary ducts vvith a gallstone or by eom- 
pression by a tumor of the panereas results in backup of bile in 
the ducts and development of jaundice. The impaetion of a stone 
in the ampulla of Vater may result in the passage of infeeted bile 
into the panereatie duct, producing panereatitis. The anatomie 
arrangement of the terminal part of the bile duct and the main 
panereatie duct is subjectto eonsiderable variation. The type of 
duct system present determines vvhether infeeted bile is likely to 
enterthe panereatie duct. 

Gallstones have been knovvn to ulcerate through the gallblad- 
dervvall into thetransverse eolon orthe duodenum. Intheformer 
ease, they are passed naturally per the rectum, but in the latter 
ease, they may be held up at the ileoeeeal junction, producing 
intestinal obstruction. 



Acute Gholeeystitis 

Acute eholeeystitis produces diseomfort in the right upper quad- 
rant or epigastrium. Inflammation of the gallbladder may cause 
irritation of the subdiaphragmatic parietal peritoneum, vvhieh is 
supplied in part by the phrenie nerve (C3,4, and 5). This may give 
rise to referred pain over the shoulder, because the skin in this 
area is supplied by the supraclavicular nerves (C3 and 4). 


eholeeysteetomy and the Arterìal Supply 
to the Gallbladder 

Before attempting a eholeeysteetomy operation, the surgeon 
must be avvare of the many variations in the arterial supply to 
the gallbladder and the relationship of the vessels to the bile 
ducts (Fig. 5.53). Unfortunately, there have been several reported 
eases in vvhieh the eommon hepatie duct or the main bile duct 
have been included in the arterial ligature vvith disastrous eon- 
sequences. 


Gangrene of the Gallbladder 


Unlike the appendix, vvhieh has a single arterial supply, the gall- 
bladder rarely beeomes gangrenous. In addition to the eystie 
artery, the gallbladder also reeeives small vessels from the vis- 
eeral surface of the liver. 

Sonograms ean novv be used to demonstrate the gallbladder 


(Fig. 5.54). 
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FIGURE 5.53 Some eommon variations of blood supply to the gallbladder. 
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FIGURE 5.54 Longitudinal sonogram of the upper part of the 
abdomen shovving the lumen of the gallbladder. (Courtesy 
of Dr. M.C. Hill.) 


the neek of the gallbladder. The fold is eommonly known as 
the “spiral valve.” The fnnetion of the spiral valve is to keep 
the Inmen eonstantly open. 

Panereas 

Loeation and Deseription 

The panereas is both an exocrine and endoerine gland. The 
exocrine portion of the gland prodnees a seeretion that 
eontains enzymes eapable of hydrolyzing proteins, fats, 
and earbohydrates. The endoerine portion of the gland, 
the panereatie islets (islets of Langerhans), prodnees the 
hormones insnlin and glneagon, which play a key role in 
earbohydrate metabolism. 

The panereas is an elongated strnetnre that lies in the 
epigastrinm and the left npper quadrant. It is soft and lobu- 
lated and sitnated on the posterior abdominal wall behind 
the peritonenm. It erosses the transpylorie plane. The pan- 
ereas is divided into a head, neek, body, and tail (Fig. 5.58). 

The head of the panereas is dise shaped and lies within 
the eoneavity of the duodenum (Fig. 5.58). A part of the 
head extends to the left behind the snperior mesenterie ves- 
sels and is ealled the uncinate proeess. 



E M B R Y 0 L 0 G I e N 0 T E S 



Development of the Liver and Bile Dnets 
Liver 

The liver arisesfromthe distal end oftheforegotas a solid bud of 
entodermal eells (Figs. 5.41 and 5.55). The site of origin lies atthe 
apex of the loop of the developing duodenum and eorrespondsto 
a point halfvvay along the seeond part of the fully formed duode- 
num. The hepatie bud grovvs anteriorly into the mass of splaneh- 
nie mesoderm ealled the septum transversum. The end of the 
bud now divides into right and left branehes, from which eol- 
umns of entodermal eells grow into the vascular mesoderm. The 
paired vitelline veins and umbilical veins that course through the 
septum transversum beeome broken up by the invading columns 
of liver eells and form the liver sinusoids. The columns of ento- 
dermal eells form the liver eords. The eonneetive tissue of the 
liver isformed fromthe mesenehyme ofthe septum transversum. 

The main hepatie bud and its right and leftterminal branehes 
now beeome eanalized to form the eommon hepatie duct and the 
right and left hepatie ducts. The liver grows rapidly in size and 
eomes to occupy the greater part of the abdominal eavity; the 
right lobe beeomes much largerthan the left lobe. 

Gallbladder and Gystie Duct 

The gallbladder develops from the hepatie bud as a solid out- 
growth of eells (Fig. 5.41). The end of the outgrowth expands 
to form the gallbladder, while the narrow stem remains as the 
eystie duct. Later, the gallbladder and eystie duct beeome eana- 
lized. The eystie duct now opens into the eommon hepatie duct 
to form the bile duct. 


BHiary Atresia 

Failure of the bile ducts to eanalize during development causes 
atresia. The various forms of atresia are shown in Figure 5.56. 


Jaundice appears soon after birth; elay-eolored stools and very 
dark-eolored urine are also present. Surgical eorreetion of the 
atresia should be attempted when possible. If the atresia eannot 
be eorreeted, the ehild will die of liver failure. 


Absenee ofthe Gallbladder 

Oeeasionally, the outgrowth of eells from the hepatie bud fails 
to develop. In these eases, there is no gallbladder and no eystie 
duct (Fig. 5.57). 

Double Gallbladder 

Rarely, the outgrowth of eells from the hepatie bud bifurcates so 
thattwo gallbladders are formed (Fig. 5.57). 

Absenee ofthe Gystie Duct 

In the absenee of the eystie duct, the entire outgrowth of eells 
from the hepatie bud develops into the gallbladder and fails to 
leave the narrow stem that would normally form the eystie duct. 
The gallbladder drains direetly into the bile duct. The eondition 
may not be reeognized when performing a eholeeysteetomy, and 
the bile duct may be seriously damaged by the surgeon (Fig. 5.57). 

Aeeessory Bile Duct 

A small aeeessory bile duct may open direetly from the liver into 
the gallbladder, which may cause leakage of bile into the peri- 
toneal eavity after eholeeysteetomy if it is not reeognized atthe 
time of surgery (Fig. 5.57). 

Gongenital Choledochal Cyst 

Rarely, a eholedoehal eyst develops because of an area of 
weakness in the wall of the bile duct. A eyst ean eontain 1 to 2 L 
of bile. The anomaly is important in that it may press on the bile 
duct and cause obstructive jaundice (Fig. 5.57). 
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FIGURE5.55 Development of the duodenum in relation to the ventral and dorsal mesenteries. Stippled area, foregut; eross- 
hatehed area, midgut. 


The neek is the eonstrieted portion of the panereas and 
eonneets the head to the body. It lies in front of the begin- 
ning of the portal vein and the origin of the snperior mes- 
enterie artery from the aorta (Fig. 5.26). 


The body runs upward and to the left aeross the midline 
(Fig. 5.4). It is somewhat triangnlar in eross seetion. 

The tail passes forward in the splenieorenal ligament 
and eomes in eontaet with the hilum of the spleen (Fig. 5.4). 
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FIGURE 5.56 Some eommon eongenital anomalies of the 
biliary ducts. 


Relations 

■ Anteriorly: From right to left: the transverse eolon and 
the attaehment of the transverse mesoeolon, the lesser 
sae, and the stomaeh (Figs. 5.4 and 5.6) 

■ Posteriorly: From right to left: the bile duct, the portal 
and splenie veins, the inferior vena eava, the aorta, the 
origin of the snperior mesenterie artery, the left psoas 
muscle, the left suprarenal gland, the left kidney, and the 
hilum of the spleen (Figs. 5.4 and 5.27) 

Panereatie Ducts 

The main duct of the panereas begins in the tail and runs 
the length of the gland, reeeiving numerous tributaries on 
the way (Fig. 5.58). It opens into the seeond part of the 
duodenum at about its middle with the bile duct on the 
major duodenal papilla (Fig. 5.51). Sometimes, the main 
duct drains separately into the duodenum. 

The aeeessory duct of the panereas, when present, drains 
the upper part of the head and then opens into the duode- 
num a short distanee above the main duct on the minor 
dnodenal papilla (Figs. 5.51 and 5.58). The aeeessory duct 
frequently eommnnieates with the main duct. 

Blood Supply 

Arteries 

The splenie and the snperior and inferior panereatieodno- 
denal arteries (Fig. 5.26) supply the panereas. 
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Veins 

The eorresponding veins drain into the portal system. 
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FIGURE 5.57 Some eommon eongenital anomalies of the 
gallbladder. 


Lymph Drainage 

Lymph nodes are sitnated along the arteries that snpply the 
gland. The efferent vessels nltimately drain into the eeliae 
and snperior mesenterie lymph nodes. 

Nerve Supply 

Sympathetie and parasympathetie (vagal) nerve fìbers sup- 
ply the area. 


Spleen 

Loeation and Deserìptìon 

The spleen is reddish and is the largest single mass of 
lymphoid tissue in the body. It is oval shaped and has a 
notehed anterior border. It lies just beneath the left half of 
the diaphragm elose to the 9th, lOth, and Ilth ribs. The 
long axis lies along the shaft of the lOth rib, and its lower 
pole extends forward only as far as the midaxillary line and 
eannot be palpated on elinieal examination (Fig. 5.61). 

The spleen is surrounded by peritonenm (Figs. 5.5 and 
5.61), which passes from it at the hilum as the gastrosplenie 
omentnm (ligament) to the greater curvature of the stom- 
aeh (earrying the short gastrie and left gastroepiploie ves- 
sels). The peritonenm also passes to the left kidney as the 
splenieorenal ligament (earrying the splenie vessels and the 
tail of the panereas). 

Relations 

■ Anteriorly: The stomaeh, tail of the panereas, and left 
eolie f[exure. The left kidney lies along its medial border 
(Figs. 5.4 and 5.11). 
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Different parts of the panereas disseeted to reveal the duct system 
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Dìagnosis of Panereatíe Dísease 

The deep loeation of the panereas sometimes gives rise to prob- 
lems of diagnosis for the follovving reasons: 

Pain from the panereas is eommonly referred to the baek. 
Beeaose the panereas lies behind the stomaeh and trans- 
verse eolon, disease of the gland ean be eonfosed with that 
of the stomaeh ortransverse eolon. 

Inflammation of the panereas ean spread to the peritoneom 
forming the posterior wall of the lesser sae. This in turn ean 
leadto adhesions andthe elosing off ofthe lessersaeto form 
a pseudocyst. 

Trauma of the Panereas 

The panereas is deeply plaeed within the abdomen and is well 
proteeted by the eostal margin and the anterior abdominal wall. 
However, blunttrauma, such as in a sports injury when a sudden 





blow to the abdomen occurs, ean eompress and tear the pan- 
ereas againstthe vertebral column. The panereas is most eom- 
monly damaged by gunshot or stab wounds. 

Damaged panereatie tissue releases aetivated panere- 
atie enzymes that produce the signs and symptoms of acute 
peritonitis. 

Ganeer of the Head of the Panereas and the Bìle Duct 

Because of the elose relation of the head of the panereas to 
the bile duct, eaneer of the head of the panereas often causes 
obstructive jaundice. 

The Panereatìe Taìl and Spleneetomy 

The presenee of the tail of the panereas in the splenieorenal 
ligament sometimes results in its damage during spleneetomy. 
The damaged panereas releases enzymes that start to digest 
surrounding tissues, with serious consequences. 





E M B R Y 0 L 0 G I e N 0 T E S 


Development of the Panereas 

The panereas develops from a dorsal and ventral bud of entoder- 
mal eells that arise from the foregut. The dorsal bud originates a 
short distanee above the ventral bud and grows into the dorsal 
mesentery. The ventral bud arises in eommon with the hepatie 
bud, eloseto the junction oftheforegutwith the midgut(Fig. 5.41). 
A eanalized duct system now develops in eaeh bud. The rotation 
of the stomaeh and duodenum, together with the rapid growth of 
the left side of the duodenum, results in the ventral bud's eoming 
into eontaet with the dorsal bud, and fusion occurs (Fig. 5.59). 

Fusion also occurs between the ducts, so that the main pan- 
ereatie duct is derived from the entire ventral panereatie duct and 
the distal part of the dorsal panereatie duct. The main panereatie 
duct joins the bile duct and enters the seeond part of the duode- 
num. The proximal part of the dorsal panereatie duct may persist 
as an aeeessory duct, which may or may not open into the duo- 
denum about0.75 in. (2 em) above the opening of the main duct. 

Continued growth of the entodermal eells of the now-fused 
ventral and dorsal panereatie buds extends into the surround- 
ing mesenehyme as columns of eells. These columns give off 
side branehes, which later beeome eanalized to form eolleeting 
ducts. Seeretory aeini appear atthe ends of the ducts. 

The panereatie islets arise as small buds from the develop- 
ing ducts. Later, these eells sever their eonneetion with the duct 
system and form isolated groups of eells that start to seerete 
insulin and glneagon at aboutthe 5th month. 

The inferior part of the head and the uncinate proeess of the 
panereas are formed from the ventral panereatie bud; the supe- 
rior part of the head, the neek, the body, and the tail of the pan- 
ereas are formed from the dorsal panereatie bud (Fig. 5.59). 

Entranee of the Bile Duct and Panereatie Duct 
into the Duodenuni 


wall of the seeond part of the duodenum to open on the summit of 
the major dnodenal papilla, which is surrounded by the sphine- 
ter of Oddi (Fig. 5.52). In some individuals, they pass separately 
through the duodenal wall, although in elose eontaet, and open 
separatelyonthesummit ofthe duodenal papilla. In other individu- 
als, the two ducts join and form a eommon dilatation, the hepato- 
panereatie ampnlla (ampnlla of Vater). This opens on the summit 
of the duodenal papilla. 

Anular Panereas 

In anular panereas, the ventral panereatie bud beeomes fixed so 
that, when the stomaeh and duodenum rotate, the ventral bud 
is pulled around the right side of the duodenum to fuse with the 
dorsal bud of the panereas, thus eneireling the duodenum (Fig. 
5.60). This may cause obstruction of the duodenum, and vomit- 
ing may start a few hours after birth. Early surgical relief of the 
obstruction is neeessary. 

Eetopie Panereas 

Eetopie panereatie tissue may be found in the submucosa of the 
stomaeh, duodenum, small intestine (including Meekel's diver- 
ticulum), and gallbladder, and in the spleen. It is important in that 
it may protrude into the lumen of the gut and be responsible for 
causing intussusception. 

Gongenital Fibroeystie Disease 

Basieally, eongenital fibroeystie disease in the panereas is 
caused by an abnormality in the seeretion of mucus. The mucus 
produced is excessively viseid and obstructs the panereatie 
duct, which leads to panereatitis with subsequent fibrosis. The 
eondition also involves the lungs, kidneys, and liver. 


As seen from development, the bile duct and the main panereatie 
duct are joined to one another. They pass obliquely through the 

V___ J 
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FIGURE5.59 The rotation of the duodenunn and the unequal grovvth of the duodenal vvall lead to the fusing of the ventral and 
dorsal panereatie buds. 
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FIGURE 5.60 Formation of the anular panereas, producing duodenal obstruction. Note the narrovving of the duodenum 
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FIGURE 5.61 Spleen. A. It is oval shaped and has a notehed anterior border. B. Shovvs relation of spleen to adjaeent structures. 
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■ Posteriorly: The diaphragm; left pleura (left eostodia- 
phragmatie reeess); left lung; and 9th, lOth, and llth 
ribs (Figs. 5.11 and 5.61). 

Blood Supply 

Arteries 

The large splenie artery is the largest braneh of the eeliae 
artery. It has a tortuous course as it runs along the upper 
border of the panereas. The splenie artery then divides into 
about six branehes, which enter the spleen at the hilum. 

Veins 

The splenie vein leaves the hilum and runs behind the tail 
and the body of the panereas. Behind the neek of the pan- 
ereas, the splenie vein joins the snperior mesenterie vein to 
form the portal vein. 

Lymph Drainage 

The lymph vessels emerge from the hilum and pass throngh 
a few lymph nodes along the course of the splenie artery 
and then drain into the eeliae nodes. 


Nerve Supply 

The nerves aeeompany the splenie artery and are derived 
from the eeliae plexus. 
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Spleníe Enlargement 

A pathologieally enlarged spleen extends downward and 
medially. The left eolie flexure and the phrenieoeolie liga- 
ment prevent a direet downward enlargement of the organ. 
As the enlarged spleen projeets below the left eostal margin, 
its notehed anterior border ean be reeognized by palpation 
through the anterior abdominal wall. 

The spleen is situated atthe beginning of the splenie vein, 
and in eases of portal hypertension it often enlarges from 
venous eongestion. 

Trauma to the Spleen 

Although anatomieally the spleen gives the appearanee of 
being well proteeted, automobile aeeidents of the crushing 
or run-overtype eommonly produce laeeration of the spleen. 
Penetrating wounds of the lower leftthorax ean also damage 
the spleen. 





EMBRYOLOGie NOTES 


Development of the Spleen 

The spleen develops as a thiekening of the mesenehyme in the 
dorsal mesentery (Fig. 5.46). In the earliest stages, the spleen 
eonsists of a number of mesenehymal masses that later fuse. 
The notehes along its anterior border are permanent and indi- 
eate thatthe mesenehymal masses never eompletely fuse. 


(eontinaedj 


The part of the dorsal mesentery that extends between 
the hilum of the spleen and the greater curvature of the 
stomaeh is ealled the gastrosplenie omentum; the part that 
extends between the spleen and the left kidney on the poste- 
rior abdominal wall is ealled the splenieorenal ligament. The 
spleen is supplied by a braneh of the foregut artery (eeliae 
artery), the splenie artery. 

Supernumerary Spleen 

In 10% of people, one or more supernumerary spleens may be 
present, either in the gastrosplenie omentum or in the splen- 
ieorenal ligament. Their elinieal importanee is that they may 
hypertrophy after removal of the major spleen and be respon- 
sible for a recurrence of symptoms of the disease for which 
spleneetomy was initially performed. 

V___ J 

Retroperitoneal Spaee 

The retroperitoneal spaee lies on the posterior abdominal 
wall behind the parietal peritonenm. It extends from the 
I2th thoraeie vertebra and the I2th rib to the saernm and 
the iliae erests below (Fig. 5.62). 

The floor or posterior wall of the spaee is formed from 
medial to lateral by the psoas and quadratus lumborum 
muscles and the origin of the transversns abdominis muscle. 
Eaeh of these muscles is eovered on the anterior snrfaee by 
a deflnite layer of faseia. In front of the faseial layers is a 
variable amount of fatty eonneetive tissue that forms a bed 
for the suprarenal glands, the kidneys, the aseending and 
deseending parts of the eolon, and the duodenum. The ret- 
roperitoneal spaee also eontains the nreters and the renal 
and gonadal blood vessels. 


IJrinary Traet 

Kidneys 

Loeation and Deseription 

The two kidneys ftmetion to excrete most of the waste prod- 
ucts of metabolism. They play a major role in eontrolling 
the water and eleetrolyte balanee within the body and in 
maintaining the aeid-base balanee of the blood. The waste 
prodnets leave the kidneys as urine, which passes down the 
ureters to the urinary bladder, loeated within the pelvis. 
The urine leaves the body in the nrethra. 

The kidneys are reddish brown and lie behind the peri- 
toneum high up on the posterior abdominal wall on either 
side of the vertebral column; they are largely under eover of 
the eostal margin (Fig. 5.63). 

The right kidney lies slightly lower than the left kid- 
ney beeanse of the large size of the right lobe of the liver. 
With eontraetion of the diaphragm during respiration, 
both kidneys move downward in a vertieal direetion by as 
much as 1 in. (2.5 em). On the medial eoneave border of 
eaeh kidney is a vertieal slit that is bonnded by thiek lips 
of renal snbstanee and is ealled the hilum (Fig. 5.64). The 
hilum extends into a large eavity ealled the renal sinus. The 
hilum transmits, from the front backward, the renal vein, 
two branehes of the renal artery, the ureter, and the third 
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Trauma to Organs ìn the Retroperìtoneal Spaee 

Palpation of the anterior abdominal wall in the lumbar and iliae 
regions may give rise to signs indieative of peritoneal irritation 
(the peritoneum forms the anterior boundary of the spaee; Fig. 
5.62). In other words, tenderness and muscle spasm (rigidity) 
may be present. Palpation of the baek in the interval between the 
12th rib and the vertebral column may reveal tenderness sugges- 
tive of kidney disease. 

Abdominal radiographs may reveal air in the extraperito- 
neal tissues, indieating perforation of a viscus (e.g., aseending 


or deseending eolon). CT seans ean often accurately define the 
extent of the injury to the extraperitoneal organs. 

Abseess Formation 

infeetion originating in retroperitoneal organs, such as the kid- 
neys, lymph nodes, and retroeeeal appendix, may extend widely 
into the retroperitoneal spaee. 

Leakíng Aortie Aneurysm 

The blood may first be eonfined to the retroperitoneal spaee 
before rupturing into the peritoneal eavity. 

___ J 
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FIGURE5.62 Retroperitoneal spaee. A. Structures present on the posterior abdominal wall behind the peritoneum. B.Trans- 
verse seetion of the posterior abdominal wall showing structures in the retroperitoneal spaee as seen from below. 


braneh of the renal artery (VAUA). Lymph vessels and sym- 

pathetie fibers also pass throngh the hilnm. 

eoverings 

The kidneys have the following eoverings (Fig. 5.64): 

■ Fibrous capsule: This snrronnds the kidney and is 
elosely applied to its onter snrfaee. 

■ Perirenal fat: This eovers the fibrons eapsnle. 

■ Renal faseia: This is a eondensation of eonneetive tis- 
sue that lies outside the perirenal fat and eneloses the 
kidneys and snprarenal glands; it is continuous laterally 
with the faseia transversalis. 

■ Pararenal fat: This lies external to the renal faseia and 
is often in large quantity. It forms part of the retroperi- 
toneal fat. 


The perirenal fat, renal faseia, and pararenal fat snpport the 
kidneys and hold them in position on the posterior abdom- 
inal wall. 

Renal Structure 

Eaeh kidney has a dark brown outer cortex and a light 
brown inner mednlla. The mednlla is eomposed of about 
a dozen renal pyramids, eaeh having its base oriented 
toward the cortex and its apex, the renal papilla, projeeting 
medially (Fig. 5.64). The cortex extends into the mednlla 
between adjaeent pyramids as the renal eolnmns. Extend- 
ing from the bases of the renal pyramids into the cortex are 
striations known as mednllary rays. 

The renal sinus, which is the spaee within the hilum, 
eontains the upper expanded end of the ureter, the renal 
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FIGURE 5.63 Posterior abdominal wall showing the kidneys and the ureters in situ. Arrovvs indieate three sites where the 
ureter is narrowed. 


pelvis. This divides into two or three major ealyees, eaeh of 

which divides into two or three minor ealyees (Fig. 5.64). 

Eaeh minor calyx is indented by the apex of the renal pyra- 

mid, the renal papilla. 

Important Relations, Right Kidney 

■ Anteriorly: The snprarenal gland, the liver, the seeond 
part of the dnodennm, and the right eolie f[exure (Figs. 
5.4 and 5.65). 

■ Posteriorly: The diaphragm; the eostodiaphragmatie 
reeess of the pleura; the 12th rib; and the psoas, quadra- 
tus lumborum, and transversns abdominis mnseles. The 
snbeostal (T12), iliohypogastrie, and ilioingninal nerves 
(Ll) run downward and laterally (Fig. 5.34). 

Important Relations, Left Kidney 

■ Anteriorly: The snprarenal gland, the spleen, the stom- 
aeh, the panereas, the left eolie f[exure, and eoils of jeju- 
num (Figs. 5.4 and 5.65) 

■ Posteriorly: The diaphragm; the eostodiaphragmatie 
reeess of the pleura; the llth (the left kidney is higher) 
and 12th ribs; and the psoas, quadratus lumborum, and 
transversns abdominis mnseles. The snbeostal (T12), 
iliohypogastrie, and ilioingninal nerves (Ll) run down- 
ward and laterally (Fig. 5.34). 


Note that many of the structures are direetly in eontaet 
with the kidneys, whereas others are separated by viseeral 
layers of peritonenm. For details, see Figure 5.65. 

Blood Supply 

Arteries 

The renal artery arises from the aorta at the level of the 
2nd lumbar vertebra. Eaeh renal artery usually divides into 
five segmental arteries that enter the hilum of the kidney. 
They are distribnted to different segments or areas of the 
kidney. Lobar arteries arise from eaeh segmental artery, 
one for eaeh renal pyramid. Before entering the renal sub- 
stanee, eaeh lobar artery gives off two or three interlobar 
arteries (Fig. 5.64). The interlobar arteries run toward the 
cortex on eaeh side of the renal pyramid. At the jnnetion 
of the cortex and the mednlla, the interlobar arteries give 
off the arenate arteries, which areh over the bases of the 
pyramids (Fig. 5.65). The arenate arteries give off several 
interlobnlar arteries that aseend in the cortex. The affer- 
ent glomernlar arterioles arise as branehes of the inter- 
lobnlar arteries. 

Veins 

The renal vein emerges from the hilum in front of the renal 
artery and drains into the inferior vena eava. 
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FIGURE5.64 A. Right kidney, anterior surface. B. Right kidney, eoronal seetion shovving the cortex, medylla, pyramids, renal 
papillae, and ealyees. C. Seetion of the kidney shovving the position of the nephrons and the arrangement of the blood ves- 
sels vvithin the kidney. 


Lymph Drainage 

Lymph drains to the lateral aortie lymph nodes aronnd the 
origin of the renal artery. 

Nerve Supply 

The nerve snpply is the renal sympathetie plexus. The affer- 
ent fìbers that travel through the renal plexus enter the spi- 
nal eord in the lOth, 1 Ith, and 12th thoraeie nerves. 


IJreter 

Loeation and Deseription 

The two nreters are muscular tubes that extend from the 
kidneys to the posterior snrfaee of the nrinary bladder (Fig. 
5.63). The urine is propelled along the ureter by peristaltie 
eontraetions of the muscle eoat, assisted by the filtration 
pressnre of the glomernli. 
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FIGURE5.65 Anterior relations of both kidneys. Viseeral peritoneym eovering the kidneys has been left in position. Brovvn 
areas indieate vvhere the kidney is in direet eontaet with the adjaeent viseera. 



Renal Mobilìty 

The kidneys are maintained in their normal position by intra- 
abdominal pressure and by their eonneetions with the perirenal 
fat and renal faseia. Eaeh kidney moves slightly with respiration. 
The right kidney lies at a slightly lower level than the left kidney, 
and the lower pole may be palpated in the right lumbar region 
atthe end of deep inspiration in a person with poorly developed 
abdominal musculature. Should the amount of perirenal fat be 
reduced, the mobility of the kidney may beeome excessive and 
produce symptoms of renal eolie caused by kinking of the ure- 
ter. Excessive mobility of the kidney leaves the suprarenal gland 
undisturbed because the latter occupies a separate eompart- 
ment in the renal faseia. 


Kìdney Tranma 

The kidneys are well proteeted by the lower ribs, the lumbar 
muscles, and the vertebral column. However, a severe blunt 
injury applied to the abdomen may crush the kidney against the 
last rib and the vertebral column. Depending on the severity of 
the blow, the injury varies from a mild bruising to a eomplete lae- 
eration of the organ. Penetrating injuries are usually caused by 
stab wounds or gunshot wounds and often involve other viseera. 
Because 25% ofthe eardiae outflow passesthroughthe kidneys, 
renal injury ean result in rapid blood loss. A summary of the inju- 
ries to the kidneys is shown in Figure 5.66. 

Kìdney Tnmors 

Malignanttumors of the kidney have a strong tendeney to spread 
along the renal vein. The left renal vein reeeivesthe lefttesticular 


vein in the male, and this may rarely beeome bloeked, producing 
left-sided varieoeele (see page 132). 

Renal Paín 

Renal pain varies from a dull aehe to a severe pain in the flank 
that may radiate downward into the lower abdomen. Renal 
pain ean resultfrom stretehing of the kidney capsule or spasm 
of the smooth muscle in the renal pelvis. The afferent nerve 
fibers pass through the renal plexus around the renal artery 
and aseend to the spinal eord through the lowest splanehnie 
nerve in the thorax and the sympathetie trunk. They enter the 
spinal eord atthe level of T12. Pain is eommonly referred along 
the distribution of the subcostal nerve (T12) to the flank and the 
anterior abdominal wall. 


Transplanted Kídneys 

The iliae fossa on the posterior abdominal wall is the usual site 
ehosen for transplantation of the kidney. The fossa is exposed 
through an ineision in the anterior abdominal wall just above the 
inguinal ligament. The iliae fossa in front of the iliacus muscle is 
approaehed retroperitoneally. The kidney is positioned and the 
vascular anastomosis constructed. The renal artery is anasto- 
mosed end to end to the internal iliae artery and the renal vein 
is anastomosed end to side to the external iliae vein (Fig. 5.67). 
Anastomosis of the branehes of the internal iliae arteries on the 
two sides is sufficient so that the pelvie viseera on the side of 
the renal arterial anastomosis are not at risk. Llreteroeystostomy 
is then performed by opening the bladder and providing a wide 
entranee of the ureterthrough the bladder wall. 
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FIGURE 5.66 lnjuries to the kidney. A. Contusion, with hemorrhage eonfined to the cortex beneath the intaet fibrous capsule. 
B.Tearing of the capsule and cortex with bleeding occurring into the perirenal fat. G.Tearing of the capsule, the cortex, and 
the medulla. Note the eseape of blood into the ealyees and therefore the urine. Llrine as well as blood may extravasate into 
the perirenal and pararenal fat and into the peritoneal eavity. D. Shattered kidney with extensive hemorrhage and extravasa- 
tion of blood and urine into the perirenal and pararenal fat; blood also enters the ealyees and appears in the urine. E. Injury to 
the renal pediele involving the renal vessels and possibly the renal pelvis. 


Eaeh ureter measures about 10 in. (25 em) long and 
resembles the esophagns (also 10 in. long) in having three 
eonstrietions along its course: where the renal pelvis joins 
the ureter, where it is kinked as it erosses the pelvie brim, 
and where it pierees the bladder wall (Fig. 5.63). 

The renal pelvis is the fnnnel-shaped expanded upper 
end of the ureter. It lies within the hilum of the kidney and 
reeeives the major ealyees (Fig. 5.64). The ureter emerges 
from the hilum of the kidney and runs vertieally downward 
behind the parietal peritonenm (adherent to it) on the 
psoas muscle, which separates it from the tips of the trans- 
verse proeesses of the lumbar vertebrae. It enters the pel- 
vis by erossing the bifnreation of the eommon iliae artery 
in front of the saeroiliae joint (Fig. 5.63). The ureter then 
runs down the lateral wall of the pelvis to the region of the 
isehial spine and turns forward to enter the lateral angle of 
the bladder. The pelvie course of the ureter is deseribed in 
detail on pages 269 and 278. 

Relations, Right Llreter 

■ Anteriorly: The duodenum, the terminal part of the 
ileum, the right eolie and ileoeolie vessels, the right tes- 
tienlar or ovarian vessels, and the root of the mesentery 
of the small intestine (Fig. 5.27) 


inferior vena eava 


transplanted 
kidney 



abdominal 

aorta 


eommon iliae 
artery 


internal iliae artery 
external iliae artery 


external iliae vein 


FIGURE5.67 The transplanted kidney. 


■ Posteriorly: The right psoas muscle, which separates it 
from the lumbar transverse proeesses, and the bifnrea- 
tion of the right eommon iliae artery (Fig. 5.63) 

Relations, Left Llreter 

■ Anteriorly: The sigmoid eolon and sigmoid mesoeolon, 
the left eolie vessels, and the left testienlar or ovarian ves- 
sels (Figs. 5.13 and 5.27) 

■ Posteriorly: The left psoas muscle, which separates it 
from the lumbar transverse proeesses, and the bifnrea- 
tion of the left eommon iliae artery (Fig. 5.63) 

The inferior mesenterie vein lies along the medial side of 
the left ureter (Fig. 5.27). 

Blood Supply 

Arteries 

The arterial supply to the ureter is as follows: upper end, 
the renal artery; middle portion, the testienlar or ovarian 
artery; and in the pelvis, the snperior vesieal artery. 

Veins 

Venous blood drains into veins that eorrespond to the 
arteries. 

Lymph Drainage 

The lymph drains to the lateral aortie nodes and the iliae 
nodes. 

Nerve Supply 

The nerve supply is the renal, testienlar (or ovarian), and 
hypogastrie plexuses (in the pelvis). Afferent fibers travel 
with the sympathetie nerves and enter the spinal eord in the 
Ist and 2nd lumbar segments. 

Suprarenal Glands 

Loeation and Deseription 

The two snprarenal glands are yellowish retroperitoneal 
organs that lie on the upper poles of the kidneys. They 
are surrounded by renal faseia (but are separated from the 
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Traumatìc IJreteral lnjurìes 

Because of its proteeted position and small size, injuries to the 
ureter are rare. Most injuries are caused by gunshot wounds 
and, in a few individuals, penetrating stab wounds. Because 
the ureters are retroperitoneal in position, urine may eseape 
into the retroperitoneal tissues on the posterior abdominal 
wall. 

IJreterìe Stones 

There are three sites of anatomie narrowing of the ureter where 
stones may be arrested, namely, the pelviureteral junction, 
the pelvie brim, and where the ureter enters the bladder. Most 
stones, although radiopaque, are small enough to be impossible 
to see definitely along the course of the ureter on plain radio- 
graphie examination. An intravenous pyelogram is usually nee- 
essary. The ureter runs down in front of the tips of the transverse 
proeesses of the lumbar vertebrae, erosses the region of the 


saeroiliae joint, swings out to the isehial spine, and then turns 
medially to the bladder. 

Renal Colìc 

The renal pelvis and the ureter send their afferent nerves into the 
spinal eord at segments T11 and 12 and L1 and 2. In renal eolie, 
strong peristaltie waves of eontraetion pass down the ureter in 
an attempt to pass the stone onward. The spasm of the smooth 
muscle causes an agonizing eolieky pain, which is referred to 
the skin areas that are supplied by these segments of the spinal 
eord, namely, the flank, loin, and groin. 

When a stone enters the low part of the ureter, the pain is felt 
at a lower level and is often referred to the testis or the tip of the 
penis in the male and the labium majus in the female. Sometimes, 
ureteral pain is referred along the femoral braneh of the genito- 
femoral nerve (L1 and 2) so that pain is experienced in the front of 
the thigh. The pain is often so severe that afferent pain impulses 
spread within the eentral nervous system, giving rise to nausea. 



E M B R Y 0 L 0 G I e N 0 T E S 


Development of the Kìdneys and Dreters 

Three sets of structures in the urinary system appear, ealled 
the pronephros, mesonephros, and metanephros. In the human, 
the metanephros is responsible for the permanent kidney. The 
metanephros develops from two sources: the ureteric bud from 
the mesonephrie duct and the metanephrogenie eap from the 
intermediate eell mass of mesenehyme of the lower lumbar and 
saeral regions. 


Dreterie Bud 

The ureteric bud arises as an outgrowth of the mesonephrie duct 
(Figs. 5.68 and 5.69). It forms the ureter, which dilates at its upper 
end to form the pelvis of the ureter. The pelvis later gives off 
branehes that form the major ealyees, and these in turn divide 
and braneh to form the minor ealyees and the eolleeting tubules. 


Metanephrogenie Cap 

The metanephrogenie eap eondenses around the ureteric bud 
(Fig. 5.69) and forms the glomernlar eapsnles, the proximal and 
distal eonvolnted tubules, and the loops of Henle. The glomeru- 
lar capsule beeomes invaginated by a cluster of eapillaries that 
form the glomerulus. Eaeh distal convoluted tubule formed from 
the metanephrogenie eap tissue beeomes joined to a eolleeting 
tubule derived from the ureteric bud. The surface of the kidney 
is lobulated at first, but after birth, this lobulation usually soon 
disappears. 

The developing kidney is initially a pelvie organ and reeeives 
its blood supply from the pelvie continuation of the aorta, the 
middle saeral artery. Later, the kidneys "aseend" up the poste- 
rior abdominal wall. This so-ealled aseent is caused mainly by 
the growth of the body in the lumbar and saeral regions and by 
the straightening of its curvature. The ureter elongates as the 
aseent continues. 


The kidney is vascularized at successively higher levels by 
successively higher lateral splanehnie arteries, branehes of the 
aorta. The kidneys reaeh their final position opposite the 2nd 
lumbar vertebra. Because of the large size of the right lobe of 
the liver, the right kidney lies at a slightly lower level than the 
left kidney. 

Polyeystie Kidney 

A hereditary disease, polyeystie kidneys ean be transmitted by 
either parent. It may be assoeiated with eongenital eysts of the 
liver, panereas, and lung. Both kidneys are enormously enlarged 
and riddled with eysts. Polyeystie kidney isthoughtto be caused 
by a failure of union between the developing convoluted tubules 
and eolleeting tubules. The accumulation of urine in the proximal 
tubules results in the formation of retention eysts. 

Pelvie Kidney 

In pelvie kidney, the kidney is arrested in some part of its nor- 
mal aseent; it usually is found atthe brim of the pelvis (Fig. 5.70). 
Such a kidney may present with no signs or symptoms and may 
function normally. Flowever, should an eetopie kidney beeome 
inflamed, it may—because of its unusual position—give rise to 
a mistaken diagnosis. 

Horseshoe Kidney 

When the caudal ends of both kidneys fuse as they develop, the 
result is horseshoe kidney (Fig. 5.70). Both kidneys eommenee to 
aseend from the pelvis, butthe intereonneeting bridge beeomes 
trapped behind the inferior mesenterie artery so thatthe kidneys 
eome to rest in the low lumbar region. Both ureters are kinked 
as they pass inferiorly over the bridge of renal tissue, producing 
urinary stasis, which may result in infeetion and stone formation. 
Surgical division of the bridge eorreets the eondition. 


(eontinaedj 
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Llnilateral Double Kidney 

The kidney on one side may be double, with separate ureters and 
blood vessels. In unilateral double kidney, the ureteric bud on 
one side erosses the midline as it aseends, and its upper pole 
fuses with the lower pole of the normally plaeed kidney (Fig. 
5.70). Here again, angulation of the ureter may result in stasis of 
the urine and may require surgical treatment. 

Rosette Kidney 

Both kidneys may fuse together at their hila, and they usually 
remain in the pelvis. The two kidneys together form a rosette 
(Fig. 5.70). This is the result of the early fusion of the two ureteric 
buds in the pelvis. 

Supernumerary Renal Arteries 

Supernumerary renal arteries are relatively eommon. They rep- 
resent persistent fetal renal arteries, which grow in sequence 
from the aorta to supply the kidney as it aseends from the pelvis. 
Their occurrence is elinieally important because a supernumer- 
ary artery may eross the pelviureteral junction and obstructthe 
outflow of urine, producing dilatation of the ealyees and pelvis, a 
eondition known as hydronephrosis (Fig. 5.70). 

Double Pelvis 

Double pelvis of the ureter is usually unilateral (Fig. 5.71). The 
upper pelvis is small and drains the upper group of ealyees; 


the larger lower pelvis drains the middle and lower groups of 
ealyees. The cause is a premature division of the ureteric bud 
near its termination. 

Bifid Dreter 

In bifid ureter,the ureters may join in the lowerthird of their course, 
may open through a eommon orifiee into the bladder, or may open 
independently into the bladder (Fig. 5.71). In the latter ease, one 
ureter erosses its fellow and may produce urinary obstruction. The 
cause of bifid ureter is a premature division of the ureteric bud. 

Gases of double pelvis and double ureters may be found by 
ehanee on radiologie investigation of the urinary traet. They are 
more liable to beeome infeeted or to be the seat of calculus for- 
mation than a normal ureter. 

Megaloureter 

Megaloureter may be unilateral or bilateral and shows eomplete 
absenee of motility (Fig. 5.71). The cause is unknown. Because of 
the urinary stasis, the ureter is prone to infeetion. Plastie surgery 
is required to improve the rate of drainage. 

Posteaval Llreter 

The right ureter may aseend posterior to the inferior vena eava 
and may be obstructed by it (Fig. 5.71). Surgical rerouting of the 
ureter with reimplantation of the distal end into the bladder isthe 
treatment of ehoiee. 


kidneys by the perirenal fat). Eaeh gland has a yellow cortex 
and a dark brown medulla. 

The cortex of the snprarenal glands seeretes hormones that 
inelnde mineral eortieoids, which are eoneerned with the eon- 
trol of finid and eleetrolyte balanee; glucocorticoids, which 
are eoneerned with the eontrol of the metabolism of earbohy- 
drates, fats, and proteins; and small amonnts of sex hormones, 
which probably play a role in the prepnbertal development of 
the sex organs. The mednlla of the snprarenal glands seeretes 
the eateeholamines epinephrine and norepinephrine. 


The right snprarenal gland is pyramid shaped and 
eaps the npper pole of the right kidney (Fig. 5.4). It lies 
behind the right lobe of the liver and extends medially 
behind the inferior vena eava. It rests posteriorly on the 
diaphragm. 

The left snprarenal gland is ereseentie in shape and 
extends along the medial border of the left kidney from the 
npper pole to the hilns (Fig. 5.4). It lies behind the pan- 
ereas, the lesser sae, and the stomaeh and rests posteriorly 
on the diaphragm. 
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FIGURE5.68 The origins and positions of the pronephros, mesonephros, and metanephros. 
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FIGURE 5.69 The origin of the ureteric bud from the mesonephrie duct and the formation of the major and minor ealyees and 
the eolleeting tubules. /\rrow indieates the point of union betvveen the eolleeting tubules and the convoluted tubules. 
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FIGURE 5.70 Some eommon eongenital anomalies of the kidney. 
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FIGURE 5.71 Some eommon eongenital anomalies of the ureter. 



posteaval ureter 


Blood Supply 

Arterìes 

The arteries supplying eaeh gland are three in number: 
inferior phrenie artery, aorta, and renal artery. 

Veins 

A single vein emerges from the hilum of eaeh gland and 
drains into the inferior vena eava on the right and into the 
renal vein on the leff. 

Lymph Drainage 

The lymph drains into the lateral aortie nodes. 

Nerve Supply 

Preganglionie sympathetie fìbers derived from the splaneh- 
nie nerves supply the glands. Most of the nerves end in the 
mednlla of the gland. 


Arteries on the Posterior Abdominal 
WaU 

Aorta 

Loeation and Deseription 

The aorta enters the abdomen throngh the aortie opening 
of the diaphragm in front of the 12th thoraeie vertebra (Fig. 
5.72). It deseends behind the peritonenm on the anterior 
snrfaee of the bodies of the lumbar vertebrae. At the level 
of the 4th lumbar vertebra, it divides into the two eom- 
mon iliae arteries (Fig. 5.72). On its right side lie the infe- 
rior vena eava, the eisterna ehyli, and the beginning of the 
azygos vein. On its left side lies the left sympathetie trunk. 

The snrfaee markings of the aorta are shown in 
Figure 5.73. 

Branehes 

■ Three anterior viseeral branehes: the eeliae artery, supe- 
rior mesenterie artery, and inferior mesenterie artery 
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Cushìng's Syndrome 

Suprarenal eortieal hyperplasia is the most eommon cause of 
Cushing's syndrome,the elinieal manifestations of vvhieh include 
moon-shaped faee, truncal obesity, abnormal hairiness (hirsut- 
ism), and hypertension; if the syndrome occurs later in life, it may 
resultfrom an adenoma or eareinoma of the cortex. 


Addìson's Disease 

Adrenoeortieal insufficiency (Addison's disease), vvhieh is 
eharaeterized elinieally by inereased pigmentation, muscular 
vveakness, vveight loss, and hypotension, may be caused by 
tuberculous destruction or bilateral atrophy of both eortiees. 

Pheoehromoeytoma 

Pheoehromoeytoma, a tumor of the medulla, produces a parox- 
ysmal or sustained hypertension. The symptoms and signs result 


from the production of a large amount of eateeholamines, vvhieh 
are then poured into the bloodstream. 

Because of their position on the posterior abdominal 
vvall, fevv tumors of the suprarenal glands ean be palpated. 
CT seans ean be used to visualize the glandular enlarge- 
ment; hovvever, vvhen interpreting CT seans, remember the 
elose relationship of the suprarenal glands to the crura of the 
diaphragm. 

Surgìcal Signìfieanee of the Renal Faseia 

The suprarenal glands, together vvith the kidneys, are enelosed 
vvithin the renal faseia; the suprarenal glands, hovvever, lie in a 
separate eompartment, vvhieh allovvs the tvvo organs to be sepa- 
rated easily at operation. 
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Development of the Snprarenal Glands 

The cortex develops from the eoelomie mesotheliom eovering 
the posterior abdominal wall. At first, a fetal cortex is formed; 
later, it beeomes eovered by a seeond final cortex. After birth, 
the fetal cortex retrogresses, and its involotion is largely eom- 
pleted in the first few weeks of life. 

The mednlla is formed from the sympathoehromaffin eells 
of the neural erest. These invade the cortex on its medial side. 

By this means, the medulla eomes to occupy a eentral posi- 
tion and is arranged in eords and clusters. Preganglionie sym- 
pathetie nerve fibers grow into the medulla and influence the 
aetivity of the medullary eells. 

Saseeptibility to Traoma at Birth 

At birth, the suprarenal glands are relatively large because of 

the presenee of the fetal cortex; later, when this part of the 

cortex involutes, the gland beeomes reduced in size. During 

the proeess of involution, the cortex is friable and susceptible 

to damage and severe hemorrhage. 

V____ ) 


■ Three lateral viseeral branehes: the snprarenal artery, 
renal artery, and testienlar or ovarian artery 

■ Five lateral abdominal wall branehes: the inferior 
phrenie artery and four lumbar arteries 

■ Three terminal branehes: the two eommon iliae arteries 
and the median saeral artery (Fig. 5.72) 

These branehes are snmmarized in Diagram 5.1. 

Common lliae Arteries 

The right and left eommon iliae arteries are the terminal 
branehes of the aorta. They arise at the level of the 4th 
lumbar vertebra and run downward and laterally along the 
medial border of the psoas muscle (Figs. 5.63 and 5.72). 
Eaeh artery ends in front of the saeroiliae joint by dividing 
into the external and internal iliae arteries. At the bifnrea- 
tion, the eommon iliae artery on eaeh side is erossed ante- 
riorlyby the ureter (Fig. 5.72). 

External lliae Artery 

The external iliae artery runs along the medial border of 
the psoas, following the pelvie brim (Fig. 5.63). It gives off 
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FIGURE 5.72 Aorta and inferior vena eava. 
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Surface markings of the aorta and its branehes and the inferior vena eava on the anterior abdominal vvall. 
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DIAGRAM 5.1 Branehes of Abdominal Aorta 
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C L I N I C A L N 0 T E S 


Aortìe Aneorysms 

Loealized or diffose dilatations of the abdominal part of the 
aorta (aneorysms) usually occur belovv the origin of the renal 
arteries. Most result from atheroselerosis, vvhieh causes 
vveakening of the arterial vvall, and occur most eommonly 
in elderly men. Large aneurysms should be treated by open 
surgical repair. Endovascular repair ean also be used by the 
introduction of a stent graft through one of the iliae arteries 
vvith aeeess through the femoral arteries in the groin. 

Embolie Bloekage of the Abdomínal Aorta 

The bifurcation of the abdominal aorta vvhere the lumen sud- 
denly narrovvs may be a lodging site for an embolus diseharged 
from the heart. Severe isehemia of the lovver limbs results. 

V___ J 


the inferior epigastrie and deep circumflex iliae branehes 
(Fig. 5.72). 

The artery enters the thigh by passing nnder the ingni- 
nal ligament to beeome the femoral artery. The inferior 
epigastrie artery arises just above the inguinal ligament. It 
passes upward and medially along the medial margin of the 
deep ingninal ring (Fig. 4.4) and enters the rectus sheath 
behind the rectus abdominis muscle. The deep circumf[ex 
iliae artery arises elose to the inferior epigastrie artery (Fig. 
5.72). It aseends laterally to the anterior snperior iliae spine 
and the iliae erest, snpplying the mnseles of the anterior 
abdominal wall. 

Internal lliae Artery 

The internal iliae artery passes down into the pelvis in 
front of the saeroiliae joint (Fig. 5.72). Its fnrther course is 
deseribed on page 256. 


Veins on the Posterior Abdominal 
Wall 

Inferior Vena Cava 

Loeation and Deseription 

The inferior vena eava eonveys most of the blood from the 
body below the diaphragm to the right atrium of the heart. 
It is formed by the union of the eommon iliae veins behind 
the right eommon iliae artery at the level of the 5th lumbar 
vertebra (Fig. 5.72). It aseends on the right side of the aorta, 
pierees the eentral tendon of the diaphragm at the level of 
the 8th thoraeie vertebra, and drains into the right atrium 
of the heart. 

The right sympathetie trunk lies behind its right mar- 
gin and the right ureter lies elose to its right border. The 
entranee into the lesser sae separates the inferior vena eava 
from the portal vein (Fig. 5.7). 

The snrfaee markings of the inferior vena eava are shown 
in Figure 5.73. 

Tributaries 

The inferior vena eava has the following tribntaries 
(Fig. 5.72): 

■ Two anterior viseeral tribntaries: the hepatie veins 

■ Three lateral viseeral tribntaries: the right snprarenal 
vein (the left vein drains into the left renal vein), renal 
veins, and right testienlar or ovarian vein (the left vein 
drains into the left renal vein) 

■ Five lateral abdominal wall tribntaries: the inferior 
phrenie vein and four lumbar veins 

■ Three veins of origin: two eommon iliae veins and the 
median saeral vein 

The tribntaries of the inferior vena eava are snmmarized in 
Diagram 5.2. 

If one remembers that the venous blood from the 
abdominal portion of the gastrointestinal traet drains to 
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DIAGRAM 5.2 Tributaries of InferiorVena Cava 
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Trauma to the Abdomìnal Aorta 

Blunt trauma to the aorta is most eommonly caused by head- 
on automobile erashes. Rupture of the tunica intima and media 
occurs and is quickly follovved by rupture of the turnica adventi- 
tia. The initial rupture of the intima and media is probably mainly 
caused by the sudden eompression of the aorta against the 
vertebral column, vvhile the delayed rupture of the adventitia is 
caused by the aortie blood pressure. Llnless quickly diagnosed 
by MRI, and surgical treatment instituted, death follovvs. 

Oblìteratìon of the Abdomìnal Aorta and lliae Arteríes 

Gradual occlusion of the bifurcation of the abdominal aorta, 
produced by atheroselerosis, results in the eharaeteristie elini- 
eal symptoms of pain in the legs on vvalking (claudication) and 
impotenee, the latter caused by laek of blood in the internal iliae 
arteries. In othervvise healthy individuals, surgical treatment by 
thromboendartereetomy or a bypass graft should be eonsidered. 
Because the progress of the disease is slovv, some eollateral 
circulation is established, but it is physiologieally inadequate. 
Hovvever, the eollateral blood flovv does prevent tissue death in 
both lovver limbs, although skin ulcers may occur. 

The eollateral circulation of the abdominal aorta is shovvn in 
Figure 5.74. 

Trauma to the Inferior Vena Cava 

juries to the inferior vena eava are eommonly lethal, despite 
the faet that the eontained blood is under lovv pressure. The 



anatomie inaeeessibility of the vessel behind the liver, duo- 
denum, and mesentery of the small intestine and the bloeking 
presenee of the right eostal margin make a surgical approaeh 
difficult. Moreover, the thin vvall of the vena eava makes it prone 
to extensive tears. 

Because of the multiple anastomoses of the tributaries of the 
inferior vena eava (Fig. 5.75), it is impossible in an emergeney to 
ligate the vessel. Most patients have venous eongestion of the 
lovver limbs. 

Gompression of the Inferior Vena Cava 

The inferior vena eava is eommonly eompressed by the enlarged 
uterus during the later stages of pregnaney. This produces edema 
of the ankles and feet and temporary varieose veins. 

Malignant retroperitoneal tumors ean cause severe eom- 
pression and eventual bloekage of the inferior vena eava. This 
results in the dilatation of the extensive anastomoses of the 
tributaries (Fig. 5.75). This alternative pathvvay for the blood 
to return to the right atrium of the heart is eommonly referred 
to as the eaval-eaval shunt. The same pathvvay eomes into 
effeet in patients vvith a superior mediastinal tumor eompressing 
the superior vena eava. eiinieally, the enlarged subcutaneous 
anastomosis betvveen the lateral thoraeie vein, a tributary of 
the axillary vein; and the superficial epigastrie vein, a tributary 
of the femoral vein, may be seen on the thoraeoabdominal vvall 
(Fig. 5.75). 



the liver by means of the tribntaries of the portal vein, and 
that the left snprarenal and testienlar or ovarian veins drain 
first into the left renal vein, then it is apparent that the trib- 
ntaries of the inferior vena eava eorrespond rather elosely 
to the branehes of the abdominal portion of the aorta. 

Inferior Mesenterie Vein 

The inferior mesenterie vein is a tribntary of the portal 
eirenlation. It begins halfvvay down the anal eanal as the 
snperior reetal vein (Figs. 5.22, 5.26, and 5.48). It passes up 
the posterior abdominal wall on the left side of the inferior 
mesenterie artery and the duodenojejunal fiexure and joins 
the splenie vein behind the panereas. It reeeives tributaries 
that eorrespond to the branehes of the artery. 

Splenie Vein 

The splenie vein is a tributary of the portal circulation. 
It begins at the hilum of the spleen by the union of sev- 
eral veins and is then joined by the short gastrie and left 
gastroepiploie veins (Figs. 5.22 and 5.48). It passes to the 
right within the splenieorenal ligament and runs behind 
the panereas. It joins the snperior mesenterie vein behind 
the neek of the panereas to form the portal vein. It is 
joined by veins from the panereas and the inferior mes- 
enterie vein. 


Superior Mesenterie Vein 

The superior mesenterie vein is a tributary of the portal eir- 
culation (Figs. 5.22,5.26, and 5.48). It begins at the ileoeeeal 
junction and runs upward on the posterior abdominal wall 
within the root of the mesentery of the small intestine and 
on the right side of the superior mesenterie artery. It passes 
in front of the third part of the duodenum and behind the 
neek of the panereas, where it joins the splenie vein to form 
the portal vein. It reeeives tributaries that eorrespond to the 
branehes of the snperior mesenterie artery and also reeeives 
the inferior pancreaticoduodenal vein and the right gastro- 
epiploie vein (Fig. 5.22). 

Portal Vein 

The portal vein is deseribed on page 194. 

Lymphaties on the Posterior 
Ahdominal Wall 

Lymph Nodes 

The lymph nodes are elosely related to the aorta and form 
a preaortie and a right and left lateral aortie (para-aortie or 
lumbar) ehain (Fig. 5.76). 
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FIGURE 5.74 The possible eollateral circulations of the abdonninal aorta. Note the great dilatation of the mesenterie arteries 
and their branehes, vvhieh occurs if the aorta is slovvly bloeked just belovv the level of the renal arteries (blaek baf). 


The preaortie lymph nodes lie around the origins of the 
eeliae, superior mesenterie, and inferior mesenterie arteries 
and are referred to as the eeliae, snperior mesenterie, and 
inferior mesenterie lymph nodes, respeetively. They drain 
the lymph from the gastrointestinal traet, extending from 
the lower one third of the esophagns to halfway down the 
anal eanal, and from the spleen, panereas, gallbladder, and 
greater part of the liver. The efferent lymph vessels form the 
large intestinal trunk (see Fig. 1.18 and below). 

The lateral aortie (para-aortie or Inmbar) lymph nodes 
drain lymph from the kidneys and snprarenals; from the 
testes in the male and from the ovaries, nterine tubes, and 
fundus of the uterus in the female; from the deep lymph 


vessels of the abdominal walls; and from the eommon iliae 
nodes. The efferent lymph vessels form the right and left 
Inmbartrnnks (see Fig. 1.18 andbelow). 

Lymph Vessels 

The thoraeie duct eommenees in the abdomen as an elon- 
gated lymph sae, the eisterna ehyli. This lies just below the 
diaphragm in front of the first two lumbar vertebrae and 
on the right side of the aorta (Fig. 5.76). 

The eisterna ehyli reeeives the intestinal trunk, the right 
and left lumbar trunks, and some small lymph vessels that 
deseend from the lower part of the thorax. 
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FIGURE 5.75 The possible eollateral circulations of the superior and inferior venae eavae. Note the alternative pathvvays that 
exist for blood to return to the right atrinm of the heart if the superior vena eava beeomes bloeked belovv the entranee of the 
azygos vein {upper blaek bar). Similar pathvvays exist if the inferior vena eava beeomes bloeked belovv the renal veins (lovver 
blaek bai). Note also the eonneetions that exist betvveen the portal circulation and systemie veins in the anal eanal. 


Lymphatie Drainage of the Gonads 

The importanee of the lymph drainage of the testis was 
emphasized on page 132. 

Nerves on the Posterior Abdominal 

Wall 

Lnmbar Plexus 

The Inmbar plexus, which is one of the main nervous path- 
ways supplying the lower limb, is formed in the psoas mus- 
ele from the anterior rami of the upper four lumbar nerves 
(Fig. 5.7 7). The anter ior r amireeeive gr ay r ami eommnnieantes 


from the sympathetie trunk, and the upper two give off 
white rami communicantes to the sympathetie trunk. The 
branehes of the plexus emerge from the lateral and medial 
borders of the muscle and from its anterior snrfaee. 

The iliohypogastrie nerve, ilioinguinal nerve, lateral 
cutaneous nerve of the thigh, and femoral nerve emerge 
from the lateral border of the psoas, in that order from 
above downward (Fig. 5.34). The iliohypogastrie and 
ilioinguinal nerves (Ll) enter the lateral and anterior 
abdominal walls (see page 124). The iliohypogastrie nerve 
snpplies the skin of the lower part of the anterior abdominal 
wall, and the ilioinguinal nerve passes through the inguinal 
eanal to supply the skin of the groin and the scrotum or 
labium majus. The lateral cutaneous nerve of the thigh 
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FIGURE 5.76 Lynnph vessels and nodes on the posterior abdominal wall. 


erosses the iliae fossa in front of the iliaens mnsele and 
enters the thigh behind the lateral end of the ingninal liga- 
ment (see page 450). It snpplies the skin over the lateral 
snrfaee of the thigh. The femoral nerve (L2, 3, and 4) is 
the largest braneh of the Inmbar plexus. It runs downward 
and laterally between the psoas and the iliaens mnseles and 
enters the thigh behind the ingninal ligament and lateral 
to the femoral vessels and the femoral sheath. In the abdo- 
men, it snpplies the iliaens muscle. 

The obturator nerve and the 4th lumbar root of the 
lumbosacral trunk emerge from the medial border of the 
psoas at the brim of the pelvis. The obtnrator nerve (L2, 3, 
and 4) erosses the pelvie brim in front of the saeroiliae joint 
and behind the eommon iliae vessels. It leaves the pelvis 
by passing throngh the obtnrator foramen into the thigh. 
(For a deseription of its course in the pelvis see page 455 
and in the thigh see page 465.) The 4th Inmbar root of the 
inmbosaeral trnnk takes part in the formation of the saeral 
plexus (see page 255). It deseends anterior to the ala of the 
saernm and joins the Ist saeral nerve. 

The genitofemoral nerve (L1 and 2) emerges on the 
anterior snrfaee of the psoas. It runs downward in front of 
the muscle and divides into a genital braneh, which enters 
the spermatie eord and snpplies the eremaster muscle, and 


a femoral braneh, which snpplies a small area of the skin of 
the thigh (see page 450). It is the nervons pathway involved 
in the eremasterie reflex, in which stimnlation of the skin 
of the thigh in the male resnlts in ref[ex eontraetion of the 
eremaster muscle and the drawing upward of the testis 
within the serotnm. 

The branehes of the lumbar plexus and their distribn- 
tion are snmmarized in Table 5.1. 

Sympathetie Trunk (Abdominal Part) 

The abdominal part of the sympathetie trunk is continuous 
above with the thoraeie and below with the pelvie parts of 
the sympathetie trunk. It runs downward along the medial 
border of the psoas muscle on the bodies of the lumbar 
vertebrae (Fig. 5.78). It enters the abdomen from behind 
the medial arenate ligament and gains entranee to the pel- 
vis below by passing behind the eommon iliae vessels. The 
right sympathetie trunk lies behind the right border of the 
inferior vena eava; the left sympathetie trunk lies elose to 
the left border of the aorta. 

The sympathetie trunk possesses four or five segmen- 
tally arranged ganglia, the Ist and 2nd often being fiised 
together. 
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FIGURE 5.77 Lumbar plexus of nerves 
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FIGURE 5.78 Aorta and related sympathetie plexuses 


Branehes 

■ White rami communicantes join the first two ganglia 
to the first two Inmbar spinal nerves. A white ramns 
eontains preganglionie nerve fibers and afferent sensory 
nerve fibers. 

■ Gray rami communicantes join eaeh ganglion to a eor- 
responding Inmbar spinal nerve. A gray ramns eontains 


postganglionie nerve fibers. The postganglionie fibers 
are distribnted throngh the branehes of the spinal nerves 
to the blood vessels, sweat glands, and arreetor pili mus- 
eles of the skin (see Fig. 1.4). 

■ Fibers pass medially to the sympathetie plexuses on the 
abdominal aorta and its branehes. (These plexuses also 
reeeive fibers from splanehnie nerves and the vagus.) 


TABLE 5.1 1 

Branehes of the Lnmbar Plexus and their Distribution 


Branehes 

Distribntion 



lliohypogastrie nerve External oblique, internal oblique, transversus abdominis muscles of anterior abdominal wall; 

skin over lower anterior abdominal wall and buttock 


llioinguinal nerve External oblique, internal oblique, transversus abdominis muscles of anterior abdominal wall; 

skin of upper medial aspeet of thigh; root of penis and scrotum in the male; mons pubis and 
labia majora in the female 

Lateral cutaneous nerve of the thigh Skin of anterior and lateral surfaces of the thigh 

Genitofemoral nerve (L1,2) Gremaster muscle in scrotum in male; skin over anterior surface of thigh; nervous pathway for 

eremasterie reflex 


Femoral nerve (L2,3,4) 


Obturator nerve (L2,3,4) 


Segmental branehes 


lliacus, pectineus, sartorius, quadriceps femoris muscles, and intermediate cutaneous 
branehes to the skin of the anterior surface of the thigh and by saphenous braneh to the skin 
of the medial side of the leg and foot; articular branehes to hip and knee joints 

Graeilis, adductor brevis, adductor longus, obturator externus, pectineus, adductor magnus 
(adductor portion), and skin on medial surface of thigh; articular branehes to hip and knee 
joints 

Quadratus lumborum and psoas muscles 
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■ Fibers pass downward and medially in front of the eom- 
mon iliae vessels into the pelvis, where, together with 
branehes from sympathetie nerves in front of the aorta, 
they form a large bnndle of fibers ealled the superior 
hypogastrie plexus (Fig. 5.78). 

Aortie Plexuses 

Preganglionie and postganglionie sympathetie fibers, 
preganglionie parasympathetie fibers, and viseeral affer- 
ent fibers form a plexus of nerves, the aortie plexus, 
around the abdominal part of the aorta (Fig. 5.78). 
Regional eoneentrations of this plexus around the ori- 
gins of the eeliae, renal, snperior mesenterie, and inferior 
mesenterie arteries form the eeliae plexus, renal plexus. 


superior mesenterie plexus, and inferior mesenterie 
plexus, respeetively. 

The eeliae plexus eonsists mainly of two eeliae ganglia 
eonneeted together by a large network of fibers that sur- 
rounds the origin of the eeliae artery. The ganglia reeeive 
the greater and lesser splanehnie nerves (preganglionie 
sympathetie fibers). Postganglionie branehes aeeompany 
the branehes of the eeliae artery and follow them to their 
distribntion. Parasympathetie vagal fibers also aeeompany 
the branehes of the artery. 

The renal and snperior mesenterie plexuses are smaller 
than the eeliae plexus. They are distributed along the 
branehes of the eorresponding arteries. The inferior mes- 
enterie plexus is similar but reeeives parasympathetie fibers 
from the saeral parasympathetie. 



Lumbar Sympatheetomy 

Lumbar sympatheetomy is performed mainly to produce a vaso- 
dilatation of the arteries of the lovver limb in patients with vaso- 
spastie disorders. The preganglionie sympathetie fibers that 
supply the vessels of the lower limb leave the spinal eord from 
segments T11 to L2. They synapse in the lumbar and saeral gan- 
glia of the sympathetie trunks. The postganglionie fibers join the 
lumbar and saeral nerves and are distributed to the vessels of 
the limb as branehes of these nerves. Additional postganglionie 
fibers pass direetly from the lumbar ganglia to the eommon and 
external iliae arteries, but they follow the latter artery only down 
as far as the inguinal ligament. In the male, a bilateral lumbar 
sympatheetomy may be followed by loss of ejaculatory power, 
but ereetion is not impaired. 


Abdomìnal Paìn 

Abdominal pain is one of the most important problems faeing the 
physieian. This seetion provides an anatomie basis for the differ- 
entforms of abdominal pain found in elinieal praetiee. 

Three distinet forms of pain exist: somatie, viseeral, and 
referred pain. 


Somatìe Abdomìnal Paìn 

Somatie abdominal pain in the abdominal wall ean arise from the 
skin, faseia, muscles, and parietal peritoneum. It ean be severe 
and preeisely loealized. When the origin is on one side of the 
midline, the pain is also lateralized. The somatie pain impulses 
from the abdomen reaeh the eentral nervous system in the fol- 
lowing segmental spinal nerves: 






Gentral part of the diaphragm: Phrenie nerve (C3,4, and 5) 
Peripheral part of the diaphragm: intereostal nerves 
(T7 to 11) 

Anterior abdominal wall: Thoraeie nerves (T7 to 12) and the 
Ist lumbar nerve 

Pelvie wall: Obturator nerve (L2,3, and 4) 


The inflamed parietal peritoneum is extremely sensitive, and 
because the full thiekness of the abdominal wall is innervated 
by the same nerves, it is not surprising to find cutaneous 


hypersensitivity (hyperesthesia) and tenderness. Loeal reflexes 
involving the same nerves bring about a proteetive phenomenon 
in which the abdominal muscles inerease in tone. This inereased 
tone or rigidity, sometimes ealled goarding, is an attemptto rest 
and loealize the inflammatory proeess. 

Rebonnd tenderness occurs when the parietal peritoneum 
is inflamed. Any movement of that inflamed peritoneum, even 
when that movement is elieited by removing the examining hand 
from a site distant from the inflamed peritoneum, brings about 
tenderness. 

Examples of acute, severe, loealized pain originating in the 
parietal peritoneum are seen in the later stages of appendieitis. 
Cutaneous hyperesthesia, tenderness, and muscular spasm or 
rigidity occur in the lower right quadrant of the anterior abdomi- 
nal wall. A perforated peptie ulcer, in which the parietal perito- 
neum is ehemieally irritated, produces the same symptoms and 
signs but involves the right upper and lower quadrants. 

Vìseeral Abdomìnal Paìn 

Viseeral abdominal pain arises in abdominal organs, viseeral 
peritoneum, and the mesenteries. The causes of viseeral pain 
include stretehing of a viscus or mesentery, distention of a hol- 
low viscus, impaired blood supply (isehemia) to a viscus, and 
ehemieal damage (e.g., aeid gastrie juice) to a viscus or its eov- 
ering peritoneum. Pain arising from an abdominal viscus is dull 
and poorly loealized. Viseeral pain is referred to the midline, 
probably because the viseera develop embryologieally as mid- 
line structures and reeeive a bilateral nerve supply; many vis- 
eera later move laterally as development proeeeds, taking their 
nerve supply with them. 

Golie is a form of viseeral pain produced by the violent 
eontraetion of smooth muscle; it is eommonly caused by lumi- 
nal obstruction as in intestinal obstruction, in the passage of a 
gallstone in the biliary ducts, or in the passage of a stone in the 
ureters. 

Many viseeral afferent fibers that enter the spinal eord par- 
tieipate in reflex aetivity. Reflex sweating, salivation, nausea, 
vomiting, and inereased heart rate may aeeompany viseeral 
pain. 


(eontinaedj 
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The sensations that arise in viseera reaeh the eentral ner- 
vous system in afferent nerves that aeeompany the sympathetie 
nerves and enterthe spinal eord through the posterior roots. The 
signifieanee of this pathvvay is better understood in the follovving 
discussion on referred viseeral pain. 

Referred Abdomìnal Paìn 

Referred abdominal pain is the feeling of pain at a loeation other 
than the site of origin of the stimulus but in an area supplied by 
the same or adjaeent segments of the spinal eord. Both somatie 
and viseeral structures ean produce referred pain. 

In the ease of referred somatie pain,the possible explanation 
is that the nerve fibers from the diseased structure and the area 
vvhere the pain is felt aseend in the eentral nervous system along 
a eommon pathvvay, and the eerebral cortex is ineapable of dis- 
tinguishing betvveen the sites. Examples of referred somatie pain 
follovv. Pleurisy involving the lovver part of the eostal parietal 
pleura ean give rise to referred pain in the abdomen because the 
lovver parietal pleura reeeives its sensory innervation from the 
lovver five intereostal nerves, vvhieh also innervate the skin and 
muscles of the anterior abdominal vvall. 

Viseeral pain from the stomaeh is eommonly referred to the 
epigastrium (Fig. 5.79). The afferent pain fibers from the stom- 
aeh aseend in eompany vvith the sympathetie nerves and pass 
through the eeliae plexus and the greater splanehnie nerves. 
The sensory fibers enter the spinal eord at segments T5 to 9 and 


give rise to referred pain in dermatomes T5 to 9 on the lovver 
ehest and abdominal vvalls. 

Viseeral pain from the appendix (Fig. 5.79), vvhieh is produced 
by distension of its lumen or spasm of its smooth muscle eoat, 
travels in nerve fibers that aeeompany sympathetie nerves 
through the superior mesenterie plexus and the lesser splaneh- 
nie nerve to the spinal eord (T10 segment). The vague referred 
pain is felt in the region of the umbilicus (TIO dermatome). Later, 
if the inflammatory proeess involves the parietal peritoneum, the 
severe somatie pain dominates the elinieal picture and is loeal- 
ized preeisely in the right lovver quadrant. 

Viseeral pain from the gallbladder, as occurs in patients 
vvith eholeeystitis or gallstone eolie, travels in nerve fibers that 
aeeompany sympathetie nerves. They pass through the eeliae 
plexus and greater splanehnie nerves to the spinal eord (seg- 
ments T5 to 9). The vague referred pain is felt in the derma- 
tomes (T5 to 9) on the lovver ehest and upper abdominal vvalls 
(Fig. 5.79). If the inflammatory proeess spreads to involve the 
parietal peritoneum of the anterior abdominal vvall or periph- 
eral diaphragm,the severesomatie pain isfeltinthe rightupper 
quadrant and through to the baek belovv the inferior angle of 
the scapula. Involvement of the eentral diaphragmatie parietal 
peritoneum, vvhieh is innervated by the phrenie nerve (C3, 4, 
and 5), ean give rise to referred pain over the shoulder because 
the skin in this area is innervated by the supraclavicular nerves 
(C3 and 4). 
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FIGURE5.79 Sonne important skin areas involved in referred viseeral pain 
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FIGURE5.80 A. Gross seetion of the abdomen at the level of the body of the 11th thoraeie vertebra, vievved from belovv. Note 
that the large size of the pleural eavity is an artifaet caused by the embalming proeess. B. Gross seetion of the abdomen at 
the level of the body of the 2nd lumbar vertebra, vievved from belovv. 


Gross-Seetional Anatomy of the 
Abdomen 

To assist in interpretation of eompnted tomography 
(CT) seans of the abdomen, stndy the labeled eross see- 
tions of the abdomen shown in Fignres 5.80 and 5.81. 
The seetions have been photographed on their infe- 
rior snrfaees. Also see Fignre 5.82 for an example of a 
CT sean. 


Radiographic Anatomy 

Radiographie Appearanees 
of the Ahdomen 

Only the more important featnres seen in a standard anter- 
oposterior radiograph of the abdomen, with the patient in 
the snpine position, are deseribed (Figs. 5.83 and 5.84). 
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FIGURE 5.81 Gross seetion of the abdomen at the level of the body of the third lumbar vertebra, vievved from belovv. 
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FIGURE 5.82 CT sean of the abdomen at the level of the 2nd lumbar vertebra after intravenous pyelography. The radiopaque 
material ean be seen in the renal pelvis and the ureters.The seetion is vievved from belovv. 
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FIGURE 5.83 Anteroposterior radiograph of the abdomen. 
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FIGURE 5.84 Representation of the main features seen in the anteroposterior radiograph in Figure 5.83. 


Examine the following in a systematie order. 

1. Bones: In the upper part of the radiograph, the lower 
ribs are seen. Running down the middle of the radio- 
graph are the lower thoraeie and lumbar vertebrae and 
the sacrum and coccyx. On either side are the saeroiliae 
joints, the pelvie bones, and the hip joints. 

2. Diaphragm: This easts dome-shaped shadows on eaeh 
side; the one on the right is slightly higher than the one 
on the left (not shown in Fig. 5.83). 


3. Psoas mnsele: On either side of the vertebral column, 
the lateral borders of the psoas muscle east a shadow 
that passes downward and laterally from the 12th tho- 
raeie vertebra. 

4. Liver: This forms a homogeneous opaeity in the upper 
part of the abdomen. 

5. Spleen: This may east a soft shadow, which ean be seen 
in the left 9th and lOth intereostal spaees (not shown in 
Fig. 5.83). 
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FIGLIRE 5.85 Anteroposterior radiograph of the stomaeh and the small intestine after ingestion of barium meal. 
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FIGURE5.86 Representation of the main features seen in the radiograph in Figure 5.85. 


6. Kidneys: These are usually visible because the perire- 
nal fat surrounding the kidneys prodnees a transradiant 
line. 

7. Stomaeh and intestines: Gas may be seen in the fundus 
of the stomaeh and in the intestines. Feeal material may 
also be seen in the eolon. 

8. IJrinary bladder: If this eontains snffieient urine, it will 
east a shadow in the pelvis. 


Radiographie Appearanees 
of the Gastrointestinal Traet 

Stomaeh 

The stomaeh ean be demonstrated radiologieally (Figs. 5.85 
and 5.86) by the administration of a watery snspension of 
barium sulfate (barium meal). With the patient in the ereet 
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FIGURE 5.87 Anteroposterior radiograph of the duodenunn after ingestion of bariunn nneal 



FIGURE 5.88 Anteroposterior radiograph of the snnall intestine after ingestion of barinm meal. 
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FIGURE 5.89 Anteroposterior radiograph of the large intestine after a bariym enema 


position, the first few monthfiils pass into the stomaeh 
and form a triangnlar shadow with the apex downward. 
The gas bnbble in the fimdns shows above the finid level 
at the top of the barinm shadow. As the stomaeh is filled, 
the greater and lesser enrvatnres are ontlined and the body 
and pylorie portions are reeognized. The pylorns is seen to 
move downward and eome to lie at the level of the third 
Inmbar vertebra. 

Flnoroseopie examination of the stomaeh as it is filled 
with the barinm emnlsion reveals peristaltie waves of eon- 
traetion of the stomaeh wall, which eommenee near the 


middle of the body and pass to the pylorns. The respira- 
tory movements of the diaphragm eanse displaeement of 
the fimdns. 

Duodenum 

A barinm meal passes into the first part of the dnodennm 
and forms a triangnlar homogeneons shadow, the duode- 
nal eap, which has its base toward the pylorns (Fig. 5.87). 
Under the infinenee of peristalsis, the barinm quickly 
leaves the duodenal eap and passes rapidly throngh the 



234 GHAPTER 5 The Abdomen: Part II—The Abdominal Gavity 


transverse eolon 


left eolie 
(splenie) flexure 


right eolie 
(hepatie) 
flexure 


deseending 
eolon 


aseending 

eolon 



eoiled 


sigmoid eolon 


cecum 


rectum 


FIGURE5.90 Anteroposterior radiograph of the large intestine after a bariunn enema. Air has been introduced into the intes- 
tine through the enema tube after evacuation of most of the barium.This procedure is referred to as a eontrast enema. 


remaining portions of the duodenum. The outline of 
the barium shadow in the first part of the duodenum is 
smooth because of the absenee of mneosal folds. In the 
remainder of the duodenum, the presenee of plieae circu- 
lares breaks up the barium emulsion, giving it a fioccular 
appearanee. 

Jejunum and Ileum 

A barium meal enters the jejunum in a few minutes and 
reaehes the ileoeeeal junction in 30 minntes to 2 hours, and 
the greater part has left the small intestine in 6 hours. In 
the jejunum and upper part of the ileum, the mucosal folds 
and the peristaltie aetivity seatter the barium shadow (Figs. 
5.85 and 5.88). In the last part of the ileum, the barium 
meal tends to form a continuous mass of barium. 


Large Intestine 

The large intestine ean be demonstrated by the administra- 
tion of a barium enema or a barium meal. The former is 
more satisfaetory. 

The bowel may be outlined by the administration of 2 to 
3 pints (1 L) of barium sulfate emulsion throngh the anal 
eanal. When the large intestine is filled, the entire outline 
ean be seen in an anteroposterior projeetion (Figs. 5.89 
and 5.90). Oblique and lateral views of the eolie flexures 
may be neeessary. The eharaeteristie saeenlations are well 
seen when the bowel is filled, and, after the enema has been 
evaenated, the mucosal pattern is elearly demonstrated. 

The appendix frequently fills with barium after an 
enema. The radiographie appearanees of the sigmoid eolon 
and rectum are deseribed on page 297. 
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FIGURE 5.91 An arteriogram of the superior mesenterie artery. The eatheter has been inserted into the right femoral artery 
and has passed up the extemal and eommon iliae arteries to aseend the aorta to the origin of the superior mesenterie artery. 
A nasogastrie tube is also in position. 


The arterial supply to the gastrointestinal traet ean be 
demonstrated by arteriography. A eatheter is inserted 
into the femoral artery and threaded upward under direet 
vision on a sereen into the abdominal aorta. The end of the 
eatheter is then manipnlated into the opening of the appro- 
priate artery. Radiopaque material is injeeted throngh the 
eatheter and an arteriogram is obtained (Fig. 5.91). 

Radiographie Appearanees 
of the Biliary Dnets 

The bile passages normally are not visible on a radiograph. 
Their lumina ean be ontlined by the administration of 
varions iodine-eontaining eomponnds orally or by injee- 
tion. When taken orally, the eomponnd is absorbed from 
the small intestine, earried to the liver, and excreted with 
the bile. On reaehing the gallbladder, it is eoneentrated 
with the bile. The eoneentrated iodine eomponnd, mixed 
with the bile, is now radiopaque and reveals the gallblad- 
der as a pear-shaped opaeity in the angle between the right 


12th rib and the vertebral column (Figs. 5.92 and 5.93). If 
the patient is given a fatty meal, the gallbladder eontraets, 
and the eystie and bile ducts beeome visible as the opaque 
medium passes down to the seeond part of the duodenum. 

A sonogram of the upper part of the abdomen ean be 
used to show the lumen of the gallbladder (Fig. 5.54). 

Radiographie Appearanees 
of the Urinary Traet 

Kidneys 

The kidneys are usually visible on a standard anteroposte- 
rior radiograph of the abdomen beeanse the perirenal fat 
surrounding the kidneys prodnees a transradiant line. 

Galyees, Renal Pelvis, and Ureter 

Galyees, the renal pelvis, and the ureter are not normally 
visible on a standard radiograph. The lumen ean be dem- 

(continuedonp.239) 
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FIGURE 5.92 Anteroposterior radiograph of the gallbladder after adnninistration of an iodine-eontaining eompoynd. 


rib 1 
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FIGURE5.93 Representation of the main features seen in the radiograph in Figure 5.92. 
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FIGURE5.94 Anteroposterior radiograph of the ureter and renal pelvis after intravenous injeetion of an iodine-eontaining eom 
pound, vvhieh is excreted by the kidney. Major and minor ealyees are also shovvn. 
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FIGURE5.95 Representation of the main features seen in the radiograph in Figure 5.94 
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FIGURE5.96 Anteroposterior radiograph of both kidneys 15 minutes after intravenous injeetion of an iodine-eontaining eom- 
pound.The ealyees, the renal pelvis, and the upper parts of the ureters are elearly seen (5-year-old girl). 
























Surface Anatomy of the Abdominal Viseera 239 


onstrated by the use of radiopaque compounds in intrave- 
nous pyelography or retrograde pyelography. 

With intravenous pyelography, an iodine-eontaining 
eomponnd is injeeted into a subcutaneous arm vein. It is 
excreted and eoneentrated by the kidneys, thus rendering 
the ealyees and ureter opaque to x-rays (Figs. 5.94, 5.95, 
and 5.96). When enough of the opaque medium has been 
excreted, the bladder is also revealed. The nreters are seen 
snperimposed on the transverse proeesses of the lumbar 
vertebrae. They eross the saeroiliae joints and enter the pel- 
vis. In the vieinity of the isehial spines, they turn medially 
to enter the bladder. The three normal eonstrietions of the 
nreters (at the jnnetion of the renal pelvis with the ureter, 
at the pelvie brim, and where the ureter enters the bladder) 
ean be reeognized. 

With retrograde pyelography, a eystoseope is passed 
throngh the nrethra into the bladder, and a nreterie eath- 
eter is inserted into the ureter. A solution of sodium iodide 
is then injeeted along the eatheter into the ureter. When the 
minor ealyees beeome filled with the radiopaque medium. 


the detailed anatomie featnres of the minor and major ealy- 
ees and the pelvis of the ureter ean be elearly seen. Eaeh 
minor calyx has a cup-shaped appearanee caused by the 
renal papilla projeeting into it. 


B Surface Anatomy of the 

Abdominal Visgera 


The surface anatomy of the abdominal viseera is fully 
deseribed on page 152. 


eiinieal Cases and Revievv Questions 



wvvvv.thePoint.lwvv.coni/Snell9e. 










A 51-year-old man was involved in a light-plane aeeident. He was flying home from a bosiness 

trip when, beeaose of fog, he had to make a foreed landing in a plowed field. On landing, the 
plane eame abroptly to rest on its nose. His eompanion was killed on impaet and he was 
thrown from the eoekpit. On admission to the emergeney department, he was unconscious and showed 
signs of severe hypovolemie (loss of circulating blood) shoek. He had extensive bruising of the lower 
part of the anterior abdominal walk and the front of his pelvis was prominent on the right side. During 
examination of the penis, it was possible to express a drop of blood-stained fluid from the external ori- 
fiee. No evidenee of external hemorrhage was present. 

Radiographie examination of the pelvis showed a disloeation of the symphysis pubis and a linear 
fracture through the lateral part of the sacrum on the rightside. The urethra was damaged by the shear- 
ing forees applied to the pelvie area, which explained the blood-stained fluid from the external orifiee 
of the penis. The pelvie radiograph (later eonfirmed on computed tomography sean) also revealed the 
presenee of a large eolleetion of blood in the loose eonneetive tissue outside the peritoneum, which 
was caused bythetearing ofthe large, thin-walled pelvie veins by the fractured bone and accounted 
forthe hypovolemie shoek. 

This patient illustrates the faet that in-depth knowledge of the anatomy of the pelvie region is nee- 
essary before a physieian ean even eontemplate making an initial examination and start treatment in 
eases of pelvie injury. 



Basie Anatomy 241 

The Pelvis 241 

Orientation ofthe Pelvis 241 
False Pelvis 241 
True Pelvis 241 

Structure of the Pelvie Walls 242 
Anterior Pelvie Wall 244 
Posterior Pelvie Wall 244 
Lateral Pelvie Wall 245 
Inferior Pelvie Wall or Pelvie Floor 247 
Pelvie Diaphragm 247 


ví 

O 


# 

o 


# 

m 

9 

<9 


# 


Pelvie Faseia 248 
Parietal Pelvie Faseia 252 
Viseeral Layer of Pelvie Faseia 252 
Pelvie Peritoneum 252 
Nerves of the Pelvis 254 
Saeral Plexus 254 
Branehes of the Lumbar Plexus 255 
Autonomic Nerves 255 
Arteries of the Pelvis 256 
Oommon lliae Artery 256 
External lliae Artery 256 


: Arteries ofthe True Pelvis 256 

I Veins of the Pelvis 257 
: External lliae Vein 257 

I Internal lliae Vein 257 

• Median Saeral Veins 257 

0 

: Lymphaties of the Pelvis 257 
: Joints of the Pelvis 258 
: Saeroiliae Joints 258 

m 

: Symphysis Pubis 258 

: SaeroeoeeygealJoint 258 

: Sex Differenees of the Pelvis 258 

# 

# 

e 


(continued) 


240 












M • I 


• ^ f-P # J • ♦ * . 

•• ji: •' • * - -' ‘ '■’^ vfc- * ’ * '7.';' * 

- ♦ - ^i \ \ •" _ ’ ' ', ; ' ^ M • 

' ' .- • -1 ' . .. \X *7. :.rv.: 





» • 
i 


é • m 


• 9 


♦ ♦ í 


• #* è r « • • 


* # • 


« / 

0 0 


f' r 

♦ > 


^0.0 


y 


. ^ ^ > . 


' \ 


. - ; '-\ 


v\ 


* • • 
*• 4 

» I • • . 


#•••.•• « 
• 9 - 


.r . 



. # «*-•> ■<> *•*-" -• ‘0^ ♦ s . . . 

* • • - .f " V I ' . . - 


--.. . m>- ••• . 

- • ‘ *• . r * • ^ * f t.' ^ •V^ r..^^ 

^ ^ ^ » * 4*^ ♦ ^ V* %• J\^ ' \ 0 ♦• ••J.' 

... ,. .h • ►•-» vY.'*-•'♦^>..<i •< • -‘t -. 




r 


é -0 ■ ^ ^ * 4 • V% ^ ^ • 

•• *# W 

»• ••^ ✓ «.• tf ^ ‘ ^ •_ * ^ 


^ ' - J I ' • # J * m * 4 ^ ^ 

^ • r* • • • f #• ^ ^ í 


# • 

•m é 

à 

% # 

« # 
^ I 

. - 


• * * • « 


:ì 


• .i’ 


m # 



Radiographie Anatomy 259 
Snrfaee Anatomy 259 

Surface Landmarks 259 
lliae Crest 259 

Anterior Soperior lliae Spine 260 
Posterior Soperior lliae Spine 260 


Pubic Tubercle 260 

Pubic Crest 260 

Symphysis Pubis 260 

Spinous Proeesses ofSacrum 260 

Saeral Hiatus 260 

Coccyx 260 


Viseera 260 

Llrinary Bladder 260 
Uterus 260 

Reetal and Vaginal Examinations as 
a Means ofPalpating the Pelvie 
Viseera 261 



m The pelvis is a bovvl-shaped bony structure that proteets the ter- 
minal parts of the gastrointestinal traet and the urinary system 
and the male and female internal organs of reproduction. 

■ It also eontains important nerves, blood vessels, and lymphatie 
tissues. 


■ The purpose of this ehapter is to revievv the signifieant anatomy 
of the pelvie vvalls relative to elinieal problems. Particular atten- 
tion is paid to age and sexual differenees and to the anatomie 
features assoeiated vvith pelvie examinations. 


Basig Anatomy 


The pelvis’' is the region of the trnnk that lies below the 
abdomen. Althongh the abdominal and pelvie eavities are 
eontinnons, the two regions are deseribed separately. 

The Pelvis 

The bony pelvis’s main fnnetion is to transmit the weight of 
the body from the vertebral eolnmn to the femnrs. In addi- 
tion, it eontains, snpports, and proteets the pelvie viseera 
and provides attaehment for trnnk and lower limb mnseles. 
The bony pelvis is eomposed of four bones: the two hip 
bones, which form the lateral and anterior walls, and the 
saernm and the coccyx, which are part of the vertebral eol- 
umn and form the baek wall (Fig. 6.1). 

The two hip bones artienlate with eaeh other anteriorly 
at the symphysis pnbis and posteriorly with the saernm at 
the saeroiliae joints. The bony pelvis thus forms a strong 
basin-shaped structure that eontains and proteets the lower 
parts of the intestinal and nrinary traets and the internal 
organs of reprodnetion. 

The pelvis is divided into two parts by the pelvie brim, 
which is formed by the saeral promontory (anterior and 
upper margin of the fìrst saeral vertebra) behind, the 
iliopeetineal lines (a line that runs downward and for- 
ward around the inner snrfaee of the ileum) laterally 
and the symphysis pnbis (joint between bodies of pubic 



'*'The term pelvis is loosely used to deseribe the region where the trunk and 
lower limbs meet. The word pelvis means “a basin” and is more eorreetly 
applied to the skeleton of the region—that is, the pelvie girdle or bony pelvis. 


bones) anteriorly. Above the brim is the false pelvis, 
which forms part of the abdominal eavity. Below the brim 
is the trne pelvis. 

Orientation of the Pelvis 

It is important for the stndent, at the outset, to understand 
the eorreet orientation of the bony pelvis relative to the 
trunk, with the individnal standing in the anatomie posi- 
tion. The front of the symphysis pubis and the anterior 
snperior iliae spines should lie in the same vertieal plane. 
This means that the pelvie snrfaee of the symphysis pubis 
faees upward and backward and the anterior snrfaee of the 
saernm is direeted forward and downward. 

False Pelvis 

The false pelvis is of little elinieal importanee. It is bonnded 
behind by the lumbar vertebrae, laterally by the iliae fossae 
and the iliaens mnseles, and in front by the lower part of 
the anterior abdominal wall. The false pelvis flares out at its 
upper end and should be eonsidered as part of the abdomi- 
nal eavity. It snpports the abdominal eontents and after the 
3rd month of pregnaney helps snpport the gravid uterus. 
During the early stages of labor, it helps guide the fetus into 
the true pelvis. 

True Pelvis 

Knowledge of the shape and dimensions of the female pel- 
vis is of great importanee for obstetries, beeanse it is the 
bony eanal throngh which the ehild passes during birth. 
The true pelvis has an inlet, an outlet, and a eavity. 
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FIGURE 6.1 Anterior view of the nnale pelvis (A) and female pelvis (B) 


■ The pelvie inlet, or pelvie brim (Fig. 6.2), is bounded 
posteriorly by the saeral promontory, laterally by the ili- 
opeetineal lines, and anteriorly by the symphysis pubis 
(Fig. 6.1). 

■ The pelvie ontlet (Fig. 6.2) is bounded posteriorly by 
the coccyx, laterally by the isehial tnberosities, and ante- 
riorly by the pnbie areh (Figs. 6.2 and 6.3). The pelvie 
outlet has three wide notehes. Anteriorly, the pubic areh 
is between the isehiopnbie rami, and laterally are the 
seiatie notehes. The seiatie notehes are divided by the 
saerotnberons and saerospinons ligaments (Figs. 6.1 
and 6.2) into the greater and lesser seiatie foramina 
(see page 246). From an obstetrie standpoint, beeanse 
the sacrotuberous ligaments are strong and relatively 
inflexible, they should be eonsidered to form part of 


the perimeter of the pelvie outlet. Thus, the outlet is 
diamond shaped, with the isehiopnbie rami and the 
symphysis pubis forming the bonndaries in front and 
the sacrotuberous ligaments and the coccyx forming the 
bonndaries behind. 

■ The pelvie eavity lies between the inlet and the outlet. It 
is a short, curved eanal, with a shallow anterior wall and 
a much deeper posterior wall (Fig. 6.2). 

Structure of the Pelvie Walls 

The walls of the pelvis are formed by bones and ligaments 
that are partly lined with mnseles eovered with faseia and 
parietal peritonenm. The pelvis has anterior, posterior, and 
lateral walls and an inferior wall or floor (Fig. 6.6). 
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eiìnìeal Goneept: The Pelvìs ìs a Basìn wìth 
Holes in íts Walls 

The vvalls of the pelvis are formed by bones and ligaments;these 
are partly lined vvith moseles (obtorator internos and piriformis) 
eovered vvith faseia and parietal peritoneom. On the ootside of 
the pelvis are the attaehments of the gloteal moseles and the 
obtorator externus muscle. The greater part of the bony pelvis is 
thus sandvviehed betvveen inner and outer muscles. 

The basin has anterior, posterior, and lateral vvalls and an 
inferior vvall orfloor formed by the important levator ani and eoe- 
cygeus muscles and their eovering faseia. 

The basin has many holes: The posterior vvall has holes on the 
anterior surface of the sacrum, the anterior saeral foramina, for 
the passage of the anterior rami of the saeral spinal nerves. The 
saerotnberons and saerospinons ligaments eonvertthe greater 
and lesser seiatie notehes into the greater and lesser seiatie 
foramina. The greater seiatie foramen provides an exit from 
the true pelvis into the gluteal region for the seiatie nerve, the 
pudendal nerve, and the gluteal nerves and vessels; the lesser 
seiatie foramen provides an entranee into the perineum from the 
gluteal region for the pudendal nerve and the internal pudendal 
vessels. (One ean make a further analogy here: For the vvires to 
gain entranee to the apartment belovv, vvithout going through the 
floor, they have to pieree the vvall [greater seiatie foramen] to 
get outside the building and then return through a seeond hole 
[lesser seiatie foramen]. In the ease of the human body, the 
pudendal nerve and internal pudendal vessels are the vvires and 
the levator ani and the coccygeus muscles are the floor.) 

The lateral pelvie vvall has a large hole, the obturator fora- 
men, vvhieh is elosed by the obturator membrane, except for a 
small opening that permits the obturator nerve to leave the pelvis 
and enter the thigh. 


Pelvie Measurements ín Obstetríes 

The eapaeity and shape of the female pelvis are of fundamental 
importanee in obstetries. The female pelvis is vvell adapted for 
the proeess of ehildbirth. The pelvis is shallovver and the bones 
are smootherthan in the male. The size of the pelvie inlet is simi- 
lar in the tvvo sexes, but in the female, the eavity is larger and 
eylindrieal and the pelvie outlet is vvider in both the anteroposte- 
rior and the transverse diameters. 

Four terms relating to areas of the pelvis are eommonly used 
in elinieal praetiee: 


■ 

■ 

■ 

■ 



The pelvie inlet or brim of the true pelvis (Fig. 6.4) is bounded 
anteriorly by the symphysis pubis, laterally by the iliopeetin- 
eal lines, and posteriorly by the saeral promontory. 

The pelvie outlet of the true pelvis (Fig. 6.4) is bounded in 
front by the pubic areh, laterally by the isehial tuberosities, 
and posteriorly by the coccyx. The sacrotuberous ligaments 
also form part of the margin of the outlet. 

The pelvie eavity is the spaee betvveen the inlet and the out- 
let (Fig. 6.4). 

The axis of tbe pelvis is an imaginary line joining the eentral 
points ofthe anteroposterior diametersfromthe inletto the out- 
let and is the curved course taken by the baby's head as it de- 
seends through the pelvis during ehildbirth (Figs. 6.4 and 6.5A). 






Internal Pelvie Assessments 

Internal pelvie assessments are made by vaginal examination 
during the later vveeks of pregnaney, vvhen the pelvie tissues are 
softer and more yielding than in the nevvly pregnant eondition. 

Pubic areb: Spread the fingers underthe pubic areh and ex- 
amine its shape. Is it broad or angular? The examiner's four 
fingers should be able to rest eomfortably in the angle belovv 
the symphysis. 

Lateral walls: Palpate the lateral vvalls and determine 
vvhetherthey are eoneave, straight, or eonverging. The prom- 
inenee of the isehial spines and the position of the saerospi- 
nous ligaments are noted. 

Posterior wall: The sacrum is palpated to determine vvhether 
it is straight or vvell curved. Finally, if the patient has relaxed 
the perineum sufficiently, an attempt is made to palpate the 
promontory of the sacrum. The seeond finger of the examin- 
ing hand is plaeed on the promontory, and the index finger of 
the free hand, outside the vagina, is plaeed atthe point on the 
examining hand vvhere it makes eontaet vvith the lovver bor- 
der of the symphysis. The fingers are then vvithdravvn and the 
distanee measured (Fig. 6.5B), providing the measurement of 
the diagonal conjugate, vvhieh is normally about 5 in. (13 em). 
The anteroposterior diameter from the saeroeoeeygeal joint 
to the lovver border of the symphysis is then estimated. 
isebial tuberosities: The distanee betvveen the isehial tuber- 
osities may be estimated by using the elosed fist (Fig. 6.5D). 
It measures about 4 in. (10 em), but it is difficult to measure 
exactly. 

Needless to say, eonsiderable elinieal experience is required 
to be able to assess the shape and size of the pelvis by vaginal 
examination. 



The Female Pelvis 

Deformities of the pelvis may be responsible for dystoeia (difficult 
labor). A eontraeted pelvis may obstructthe normal passage of 
the fetus. It may be indireetly responsible for dystoeia by causing 
eonditions such as malpresentation or malposition of the fetus, 
premature rupture of the fetal membranes, and uterine inertia. 

The cause of pelvie deformities may be eongenital (rare) or 
acquired from disease, poor posture, or fractures caused by 
injury. Pelvie deformities are more eommon in vvomen vvho have 
grovvn up in a poor environment and are undernourished. It is 
probable that these vvomen suffered in their youth from minor 
degrees of riekets. 

In 1933, Galdvvell and Moloy elassified pelves into four groups: 
gyneeoid, android, anthropoid, and platypelloid (Fig. 6.5C). The 
gyneeoid type, present in about 41% of vvomen, is the typieal 
female pelvis, vvhieh vvas previously deseribed. 

The android type, present in about 33% of vvhite females and 
16% of blaek females, is the male or funnel-shaped pelvis vvith a 
eontraeted outlet. 

The anthropoid type, present in about 24% of vvhite females 
and 41% of blaekfemales, is long, narrovv, and oval shaped. 

The platypelloid type, present in only about 2% of vvomen, 
is a vvide pelvis flattened at the brim, vvith the promontory of the 
sacrum pushed forvvard. 
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FIGURE6.2 Right half of the pelvis shovving the pelvie inlet, 
pelvie outlet, and sacrotuberous and sacrospinous ligaments. 


Anterior Pelvie Wall 

The anterior pelvie wall is the shallowest wall and is formed 
by the bodies of the pnbie bones, the pnbie rami, and the 
symphysis pnbis (Fig. 6.7). 


Posterior Pelvie Wall 

The posterior pelvie wall is extensive and is formed by the 
saernm and coccyx (Fig. 6.8) and by the piriformis mnseles 
(Fig. 6.9) and their eovering of parietal pelvie faseia. 

Saemm 

The saernm eonsists of five rndimentary vertebrae fiised 
together to form a single wedge-shaped bone with a for- 
ward eoneavity (Figs. 6.2 and 6.8). The npper border or 
base of the bone artienlates with the fifth Inmbar vertebra. 
The narrow inferior border artienlates with the coccyx. 
Laterally, the saernm artienlates with the two iliae bones 
to form the saeroiliae joints (Fig. 6.1). The anterior and 
npper margins of the first saeral vertebra bnlge forward as 
the posterior margin of the pelvie inlet—the saeral prom- 
ontory (Fig. 6.2)—^which is an important obstetrie land- 
mark used when measuring the size of the pelvis. 

The vertebral foramina together form the saeral eanal. 
The laminae of the 5th saeral vertebra, and sometimes 
those of the 4th, fail to meet in the midline, forming the 
saeral hiatus (Fig. 6.8). The saeral eanal eontains the ante- 
rior and posterior roots of the lumbar, saeral, and eoeeygeal 
spinal nerves; the filum terminale; and fibrofatty material. 
It also eontains the lower part of the snbaraehnoid spaee 
down as far as the lower border of the 2nd saeral vertebra 
(Fig. 6.10). 

The anterior and posterior snrfaees of the saernm pos- 
sess on eaeh side four foramina for the passage of the ante- 
rior and posterior rami of the upper four saeral nerves 

(Fig. 6.8). 
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FIGURE6.3 Right hip bone. A. Medial surface. B. Lateral surface. Note the lines of fusion betvveen the three bones—the 
iliunn, the isehinm, and the pubis. 
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FIGURE6.4 Pelvie inlet, pelvie outlet, diagonal conjugate, 
and axis of the pelvis. Some of the main differenees 
betvveen the female and the male pelvis are also shovvn. 



The sacrum is usually wider in proportion to its length 
in the female than in the male. The saernm is tilted forward 
so that it forms an angle with the fifth lumbar vertebra, 
ealled the lumbosacral angle. 

Coccyx 

The coccyx eonsists of four vertebrae fiised together to 
form a small triangular bone, which artienlates at its base 
with the lower end of the saernm (Fig. 6.8). 

The eoeeygeal vertebrae eonsist of bodies only, but the 
first vertebra possesses a rudimentary transverse proeess 
and cornua. The cornua are the remains of the pedieles and 
snperior artienlar proeesses and projeet upward to articu- 
late with the saeral cornua (Fig. 6.8). 

Piriformis Muscle 

The piriformis muscle arises from the front of the lateral 
mass of the saernm and leaves the pelvis to enter the glnteal 
region by passing laterally throngh the greater seiatie fora- 
men (Fig. 6.9). It is inserted into the upper border of the 
greater troehanter of the femur. 

■ Aetion: It is a lateral rotator of the femur at the hip joint. 

■ Nerve supply: It reeeives branehes from the saeral 
plexus. 


Lateral Pelvie Wall 

The lateral pelvie wall is formed by part of the hip bone 
below the pelvie inlet, the obtnrator membrane, the sae- 
rotuberous and saerospinons ligaments, and the obtnrator 
internns muscle and its eovering faseia. 

Hip Bone 

In ehildren, eaeh hip bone eonsists of the ilium, which 
lies superiorly; the ischium, which lies posteriorly and 
inferiorly; and the pubis, which lies anteriorly and infe- 
riorly (Fig. 6.3). The three separate bones are joined 
by eartilage at the acetabulum. At pnberty, these three 
bones fuse together to form one large, irregnlar bone. 
The hip bones artienlate with the saernm at the saero- 
iliae joints and form the anterolateral walls of the pelvis; 
they also artienlate with one another anteriorly at the 
symphysis pubis. 

On the outer surface of the hip bone is a deep depres- 
sion, the acetabulum, which artienlates with the hemi- 
spherieal head of the femur (Figs. 6.1 and 6.3). Behind 
the acetabulum is a large noteh, the greater seiatie noteh, 
which is separated from the lesser seiatie noteh by the 
spine of the isehinm. The seiatie notehes are eonverted 
into the greater and lesser seiatie foramina by the pres- 
enee of the sacrotuberous and sacrospinous ligaments 
(Fig. 6.2). 

The ilium, which is the upper fiattened part of the hip 
bone, possesses the iliae erest (Fig. 6.3). The iliae erest runs 
between the anterior and posterior snperior iliae spines. 
Below these spines are the eorresponding anterior and 
posterior inferior iliae spines. On the inner snrfaee of the 
ilium is the large auricular surface for articulation with 
the saernm. The iliopeetineal line runs downward and for- 
ward around the inner snrfaee of the ilium and serves to 
divide the false from the true pelvis. 

The isehinm is the inferior and posterior part of the hip 
bone and possesses an isehial spine and an isehial tnberos- 
ity (Fig. 6.3). 

The pubis is the anterior part of the hip bone and has 
a body and superior and inferior pubic rami. The body 
of the pubis bears the pubic erest and the pubic tuber- 
ele and artienlates with the pubic bone of the opposite 
side at the symphysis pubis (Fig. 6.1). In the lower part 
of the hip bone is a large opening, the obturator fora- 
men, which is bonnded by the parts of the isehinm and 
pubis. The obturator foramen is filled in by the obtnrator 
membrane (Fig. 6.3). 

Obturator Membrane 

The obtnrator membrane is a fibrons sheet that almost 
eompletely eloses the obtnrator foramen, leaving a small 
gap, the obtnrator eanal, for the passage of the obtnrator 
nerve and vessels as they leave the pelvis to enter the thigh 
(Fig. 6.3). 

Sacrotuberous Ligament 

The sacrotuberous ligament is strong and extends from 
the lateral part of the saernm and coccyx and the poste- 
rior inferior iliae spine to the isehial tnberosity (Figs. 6.2 
and 6.9). 
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D nneasuring transverse diameter of pelvie outlet 


FIGURE6.5 A. Birth eanal. Interrupted line indieates the axis of the eanal. B. Procedure used in measnring the diagonal eon- 
jugate. C. Different types of pelvie inlets, aeeording to Galdvvell and Moloy. D. Estimation of the vvidth of the pelvie outlet by 
means of a elosed fist. 


Sacrospinous Ligament 

The sacrospinous ligament is strong and triangle shaped. It 
is attaehed by its base to the lateral part of the sacrum and 
coccyx and by its apex to the spine of the isehinm (Figs. 6.2 
and 6.9). 

The sacrotuberous and saerospinons ligaments prevent 
the lower end of the saernm and the coccyx from being 
rotated upward at the saeroiliae joint by the weight of the 
body (Fig. 6.11). The two ligaments also eonvert the greater 
and lesser seiatie notehes into foramina, the greater and 
lesser seiatie foramina. 


Obturator lnternus Muscle 

The obtnrator internns muscle arises from the pelvie sur- 
faee of the obturator membrane and the adjoining part of 
the hip bone (Fig. 6.12). The muscle fìbers eonverge to a 
tendon, which leaves the pelvis throngh the lesser seiatie 
foramen and is inserted into the greater troehanter of the 
femur. 

■ Aetion: It laterally rotates the femur at the hip joint. 

■ Nerve snpply: The nerve to the obtnrator internns, a 
braneh from the saeral plexus 
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pelvie inlet 



anterior wall 


posterior wall 


inferior wall or floor 


pelvie outlet 


FIGURE6.6 Right half of the pelvis shovving the pelvie vvalls 


Inferior Pelvie Wall or Pelvie Floor 

The floor of the pelvis supports the pelvie viseera and is 
formed by the pelvie diaphragm. 

The pelvie floor stretehes aeross the pelvis and divides it 
into the main pelvie eavity above, which eontains the pelvie 
viseera, and the perineum below. The perineum is eonsid- 
ered in detail in Ghapter 8. 

Pelvie Diaphragm 

The pelvie diaphragm is formed by the important levatores 
ani mnseles and the small eoeeygens mnseles and their eov- 
ering faseiae (Fig. 6.13). It is ineomplete anteriorly to allow 
passage of the nrethra in males and the nrethra and the 
vagina in females. 


body of pubis 


superior rannus of pubis 



obturator 
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inferior ramus of pubis 


FIGURE 6.7 Anterior vvall of the pelvis (posterior vievv). 
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FIGURE 6.8 Sacrum. A. Anterior vievv. B. Posterior vievv 


Levator Ani Muscle 

The levator ani muscle is a wide thin sheet that has a 
linear origin from the baek of the body of the pubis, a 
tendinous areh formed by a thiekening of the faseia 
eovering the obtnrator internns, and the spine of the 
isehinm (Fig. 6.13). From this extensive origin, groups of 
flbers sweep downward and medially to their insertion 
(Fig. 6.14) as follows: 

1. Anterior fibers: The levator prostatae or sphineter 
vaginae form a sling around the prostate or vagina and 
are inserted into a mass of flbrons tissue, ealled the per- 
ineal body, in front of the anal eanal. The levator prosta- 
tae snpport the prostate and stabilize the perineal body. 
The sphineter vaginae eonstriet the vagina and stabilize 
the perineal body. 

2. Intermediate fibers: The pnboreetalis forms a 
sling around the jnnetion of the rectum and anal 
eanal. The pnboeoeeygens passes posteriorly to be 
inserted into a small flbrons mass, ealled the anoeoe- 
eygeal body, between the tip of the coccyx and the anal 
eanal. 
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FIGURE 6.9 Posterior vvall of the pelvis. 


3. Posterior fibers: The iliococcygeus is inserted into the 
anoeoeeygeal body and the coccyx. 

■ Aetion: The levatores ani mnseles of the two sides 
form an effieient mnsenlar sling that snpports and 
maintains the pelvie viseera in position. They resist 
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FIGURE6.10 Sacrum from behind. Laminae have been 
removed to show the saeral nerve roots lying within the 
saeral eanal. Note that in the adult the spinal eord ends 
below, at the level of the lower border of the 1st lumbar 
vertebra. 


the rise in intrapelvie pressnre dnring the straining 
and expulsive efforts of the abdominal muscles (as 
occurs in eonghing). They also have an important 
sphineter aetion on the anoreetal jnnetion, and 
in the female they serve also as a sphineter of the 
vagina. 

■ Nerve supply: The perineal braneh of the fourth 
saeral nerve and from the perineal braneh of the 
pndendal nerve 

Coccygeus Muscle 

This small triangnlar muscle arises from the spine of the 
isehinm and is inserted into the lower end of the saernm 
and into the coccyx (Figs. 6.13 and 6.14). 

■ Aetion: The two mnseles assist the levatores ani in sup- 
porting the pelvie viseera. 

■ Nerve supply: A braneh of the 4th and 5th saeral nerves 

A snmmary of the attaehments of the mnseles of the pelvie 
walls and fioor, their nerve supply, and their aetion is given 
in Table 6.1. 

Pelvie Faseia 

The pelvie faseia is formed of eonneetive tissue and is eon- 
tinuous above with the faseia lining the abdominal walls. 
Below, the faseia is continuous with the faseia of the peri- 
neum. The pelvie faseia ean be divided into parietal and 
viseeral layers. 
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FIGLIRE 6.11 Horizontal seetion through the pelvis shovving the saeroiliae joints and the symphysis pubis. The lovver diagram 
shovvs the function of the sacrotuberous and sacrospinous ligaments in resisting the rotation foree exerted on the sacrum by 
the vveight of the trunk. 
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FIGURE 6.12 Lateral vvall of the pelvis. 
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FIGURE 6.13 Inferior wall or floor of the pelvis 
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FIGURE6.14 Levator ani mysele and coccygeus muscle seen on their inferior aspeets. Note that the levator ani is made up 
of several different muscle groups.The levator ani and coccygeus muscles with theirfaseial eoverings form a continuous 
muscular floor to the pelvis, known as the pelvie diaphragm. 
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e L I N I e A L N 0 T E S 


Fractures of the Pelvìs 
Fractures of the False Pelvis 

Fractures of the false pelvis caused by direet trauma oeea- 
sionally occur. The upper part of the ilium is seldom displaeed 
because of the attaehment of the iliacus muscle on the inside 
and the gluteal muscles on the outside. 

Fractures of the True Pelvis 

The meehanism of fractures of the true pelvis ean be better 
understood if the pelvis is regarded not only as a basin but also 
as a rigid ring (Fig. 6.15). The ring is made up of the pubic rami, 
the ischium, the acetabulum, the ilium, and the sacrum, joined 
by strong ligaments at the saeroiliae and symphyseal joints. If 
the ring breaks at any one point, the fracture will be stable and 
no displaeement will occur. Flowever, if two breaks occur in the 
ring, the fracture will be unstable and displaeement will occur, 
because the postvertebral and abdominal muscles will shorten 
and elevate the lateral part of the pelvis (Fig. 6.15). The break in 
the ring may occur not as the result of a fracture but as the result 
of disruption of the saeroiliae or symphyseal joints. Fracture of 
bone on either side of the joint is more eommon than disruption 
of the joint. 

The forees responsible for the disruption of the bony ring 
may be anteroposterior eompression, lateral eompression, or 
shearing. 

A heavy fall on the greater troehanter of the femur may drive 
the head of the femur through the floor of the acetabulum into 
the pelvie eavity. 

Fractures of the Sacrum and Coccyx 

Fractures of the lateral mass of the sacrum may occur as part 
of a pelvie fracture. Fractures of the coccyx are rare. However, 
eoeeydynia is eommon and is usually caused by direet trauma 
to the coccyx, as in falling down a flight of eonerete steps. The 
anterior surface of the coccyx ean be palpated with a reetal 
examination. 

Minor Fraetnres of the Pelvis 

The anterior superior iliae spine may be pulled off by the fore- 
ible eontraetion of the sartorius muscle in athletes (Fig. 6.15). In 
a similar manner, the anterior inferior iliae spine may be avulsed 
by the eontraetion of the rectus femoris muscle (origin of the 
straight head). The isehial tuberosity ean be avulsed by the eon- 
traetion of the hamstring muscles. Healing may occur by fibrous 
union, possibly resulting in elongation of the muscle unit and 
some reduction in muscular effieieney. 

Anatomy of Complications of Pelvie Fraetnres 

Fractures of the true pelvis are eommonly assoeiated with inju- 
ries to the soft pelvie tissues. 

If damaged, the thin pelvie veins—namely, the internal iliae 
veins and their tributaries—that lie in the parietal pelvie faseia 
beneath the parietal peritoneum ean be the source of a massive 
hemorrhage, which may be life threatening. 


The male urethra is often damaged, espeeially in vertieal 
shear fractures that may disrupt the urogenital diaphragm (see 
page 321). 

The bladder, which lies immediately behind the pubis in 
both sexes, is oeeasionally damaged by spicules of bone; a full 
bladder is more likely to be injured than an empty bladder (see 


page 274). 


The rectum lies within the eoneavity of the sacrum and is pro- 
teeted and rarely damaged. Fractures of the sacrum or isehial 
spine may be thrust into the pelvie eavity, tearing the rectum. 

Nerve injuries ean follow saeral fractures; the laying down 
of fibrous tissue around the anterior or posterior nerve roots or 
the branehes of the saeral spinal nerves ean result in persistent 
pain. 

Damage to the seiatie nerve may occur in fractures involving 
the boundaries of the greater seiatie noteh. The peroneal part of 
the seiatie nerve is most often involved, resulting in the inability 
of a conscious patient to dorsiflex the ankle joint or failure of an 
unconscious patientto reflexly plantar-flex (ankle jerk) the foot 
(see page 525). 


Pelvìe Floor 

The pelvie diaphragm is a gutter-shaped sheet of muscle formed 
by the levatores ani and coccygeus muscles and their eovering 
faseiae. From their origin, the muscle fibers on the two sides 
slope downward and backward to the midline, producing a gut- 
ter that slopes downward and forward. 

A rise in the intra-abdominal pressure, caused by the eon- 
traetion of the diaphragm and the muscles of the anterior and 
lateral abdominal walls, is counteracted by the eontraetion of 
the muscles forming the pelvie floor. By this means, the pelvie 
viseera are supported and do not "drop out" through the pelvie 
outlet. Gontraetion of the puborectalis fibers greatly assists the 
anal sphineters in maintaining eontinenee under these eondi- 
tions by pulling the anoreetal junction upward and forward. 
During the aet of defeeation, however, the levator ani continues 
to support the pelvie viseera but the puborectalis fibers relax 
with the anal sphineters. 


Functional Signifieanee of the Pelvie Floor in the Female 

The female pelvie floor serves an importantfunction during the 
seeond stage of labor (Fig. 6.16). At the pelvie inlet, the widest 
diameter is transverse so that the longest axis of the baby's 
head (anteroposterior) takes up the transverse position. When 
the head reaehes the pelvie floor, the gutter shape of the floor 
tends to cause the baby's head to rotate so that its long axis 
eomes to lie in the anteroposterior position. The oeeipital part 
of the head now moves downward and forward along the gut- 
ter until it lies under the pubic areh. As the baby's head passes 
through the lower part of the birth eanal, the small gap that 
exists in the anterior part of the pelvie diaphragm beeomes 
enormously enlarged so thatthe head may slip through into the 
perineum. Onee the baby has passed through the perineum, 
the levatores ani muscles reeoil and take up their previous 
position. 



(eontinaedj 
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lnjury to the Pelvie Floor 

lnjury to the pelvie floor during a difficult ehildbirth ean result 
in the loss of support for the pelvie viseera leading to uterine 
and vaginal prolapse, herniation of the bladder (eystoeele), 
and alteration in the position of the bladder neek and urethra, 
leading to stress ineontinenee. In the latter eondition, the 
patient dribbles urine vvhenever the intra-abdominal pres- 
sure is raised, as in coughing. Prolapse of the rectum may 
also occur. 


Partial Fusion of the Saeral Vertebrae 

The Ist saeral vertebra ean be partly or eompletely separated 
from the 2nd saeral vertebra. Oeeasionally, on radiographs of 
the vertebral column, examples are seen in vvhieh the 5th lumbar 
vertebra has fused with the Ist saeral vertebra. 

Trauma to the True Pelvis 

Trauma to the true pelvis ean result in fracture of the lateral 
mass of the sacrum (see previous column). 




TABLE 6.1 

P Muscles of the Pelvie VValls and Floor 



Name of Muscle 

Origin 

Insertion 

Nerve Supply 

Aetion 

Piriformis 

Front of sacrum 

Greater troehanter of femur 

Saeral plexus 

Lateral rotator of femur 
at hip joint 

Obturator internus 

Obturator membrane and 
adjoining part of hip bone 

Greater troehanter of femur 

Nerve to obturator 
internus from 
saeral plexus 

Lateral rotator of femur 
at hip joint 

Levator ani 

Body of pubis, faseia of 
obturator internus, spine 
of ischium 

Perineal body; 
anoeoeeygeal body; 
walls of prostate, vagina, 
rectum, and anal eanal 

Fourth saeral nerve, 
pudendal nerve 

Supports pelvie 
viseera; sphineterto 
anoreetal junction 
and vagina 

Coccygeus 

Spine of ischium 

Lower end of sacrum; 
coccyx 

Fourth and fifth saeral 

nerve 

Assists levator ani 
to support pelvie 
viseera; flexes 
coccyx 


A 




anterior superior 
iliae spine 




anterior 
inferior 
iliae 
spine 


isehial tuberosity 


FIGURE 6.15 A-C. Different types of fractures of the pelvie 
basin. D. Avulsion fractures of the pelvis. The sartorius nnus- 
ele is responsible for the avulsion of the anterior superior 
iliae spine; the straight head of the rectus femoris muscle, 
for the avulsion of the anterior inferior iliae spine; and the 
hamstring muscles, for the avulsion of the isehial tuberosity. 


Parietal Pelvie Faseia 

The parietal pelvie faseia lines the walls of the pelvis and is 
named aeeording to the mnsele it overlies (Fig. 6.17). Where 
the pelvie diaphragm is defieient anteriorly, the parietal pel- 
vie faseia beeomes eontinnons throngh the opening with the 
faseia eovering the inferior snrfaee of the pelvie diaphragm, 
in the perinenm. It eovers the sphineter nrethrae mnsele 
and the perineal membrane (see page 314) and forms the 
snperior faseial layer of the nrogenital diaphragm. 

Viseeral Layer of Pelvie Faseia 

The viseeral layer of pelvie faseia eovers and snpports all 
the pelvie viseera. In eertain loeations, the faseia thiekens 
and extends from the visens to the pelvie walls and pro- 
vides snpport. These faseial ligaments are named aeeording 
to their attaehments, for example, the pnbovesieal and the 
saeroeervieal ligaments. 

Pelvie Peritoneum 

The parietal peritonenm lines the pelvie walls and is 
refieeted onto the pelvie viseera and beeomes eontinnons 
with the viseeral peritonenm (Fig. 6.17). For fiirther details, 
see pages 278 and 296. 
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FIGURE 6.16 Stages in rotation of the baby's head during the seeond stage of labor. The shape of the pelvie floor plays an 
important part in this proeess. 
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FIGURE6.17 Goronal seetion through the pelvis. 
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Faseial Lígaments of the IJteríne Cervíx 

In the female, the faseial ligaments attaehed to the oterine 
cervix are of partieolar elinieal importanee beeaose they 
assist with the sopport of the uterus and thus prevent uter- 
ine prolapse (see page 288). The viseeral pelvie faseia around 
the uterine cervix and vagina is eommonly referred to as the 
parametrinm. 

V_ J 

Nerves of the Pelvis 
Saeral Plexus 

The saeral plexus lies on the posterior pelvie wall in front 
of the piriformis muscle (Fig. 6.18). It is formed from the 
anterior rami of the 4th and 5th lumbar nerves and the 
anterior rami of the first, seeond, third, and fourth saeral 
nerves (Fig. 6.19). The fourth lumbar nerve joins the 
fifth lumbar nerve to form the lumbosacral trunk. The 
inmbosaeral trunk passes down into the pelvis and joins 
the saeral nerves as they emerge from the anterior saeral 
foramina. 

Relations 

■ Anteriorly: The internal iliae vessels and their branehes 
and the rectum (Fig. 6.12) 

■ Posteriorly: The piriformis muscle (Fig. 6.18) 


Branehes 

■ Branehes to the lower limb that leave the pelvis throngh 

the greater seiatie foramen (Fig. 6.12): 

1. The seiatie nerve (L4 and 5; Sl, 2, and 3), the largest 
braneh of the plexus and the largest nerve in the body 
(Fig. 6.9) 

2. The snperior glnteal nerve, which snpplies the glu- 
teus medius and minimns and the tensor faseiae latae 
mnseles 

3. The inferior glnteal nerve, which snpplies the glu- 
teus maximus muscle 

4. The nerve to the quadratus femoris muscle, which 
also supplies the inferior gemellns muscle 

5. The nerve to the obtnrator internns muscle, which 
also supplies the superior gemellus muscle 

6. The posterior cutaneous nerve of the thigh, which sup- 
plies the skin of the bnttoek and the baek of the thigh 

■ Branehes to the pelvie mnseles, pelvie viseera, and 

perinenm: 

1 . The pndendal nerve (S2,3, and 4), which leaves the pel- 
vis throngh the greater seiatie foramen and enters the 
perinenm throngh the lesser seiatie foramen (Fig. 6.12) 

2. The nerves to the piriformis muscle 

3. The pelvie splanehnie nerves, which eonstitnte the 
saeral part of the parasympathetie system and arise 
from the seeond, third, and fourth saeral nerves. They 
are distribnted to the pelvie viseera. 

■ The perforating cutaneous nerve, which snpplies the 

skin of the lower medial part of the bnttoek 

The branehes of the saeral plexus and their distribntion are 

snmmarized in Table 6.2. 
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FIGURE6.18 Posterior pelvie vvall shovving the saeral plexus, superior hypogastrie plexus, and right and left inferior hypogas- 
trie plexuses. Pelvie parts of the sympathetie trunks are also shovvn. 
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FIGURE6.19 Saeral plexus. 



Saeral Plexus 

Pressure from the Fetal Head 

During the later stages of pregnaney, when the fetal head has 
deseended into the pelvis, the mother often eomplains of dis- 
eomfort or aehing pain extending down one of the lower limbs. 
The diseomfort, caused by pressure from the fetal head, is often 
relieved by ehanging position, such as lying on the side in bed. 

Invasion by Malignant Tumors 

The nerves of the saeral plexus ean beeome invaded by malig- 
nanttumors extending from neighboring viseera. A eareinoma 
of the rectum, for example, ean cause severe intraetable pain 
down the lower limbs. 


Referred Pain from the Obturator Nerve 

The obturator nerve lies on the lateral wall of the pelvis and sup- 
pliesthe parietal peritoneum. An inflamed appendixhanging down 
into the pelvie eavity could cause irritation of the obturator nerve 
endings, leading to referred pain down the inner side of the right 
thigh. Inflammation ofthe ovaries ean produce similar symptoms. 


Caudal Anesthesia (Analgesia) 


Anesthetie solutions ean be injeeted into the saeral eanal 
through the saeral hiatus. The solutions then aet on the spinal 
roots of the 2nd, 3rd, 4th and 5th saeral and eoeeygeal seg- 
ments of the eord as they emerge from the dura mater. The 
roots of higher spinal segments ean also be bloeked by this 
method. The needle must be eonfined to the lower part of the 
saeral eanal, becausethe meninges extend down asfar asthe 
lower border of the seeond saeral vertebra. Caudal anesthe- 
sia is used in obstetries to bloek pain fibers from the cervix of 
the uterus and to anesthetize the perineum. 



Branehes of the Lnmbar Plexus 

Lu m bosaera I Tru n k 

Part of the anterior ramns of the fonrth Inmbar nerve 
emerges from the medial border of the psoas mnsele and 
joins the anterior ramns of the 5th Inmbar nerve to form 
the inmbosaeral trnnk (Figs. 6.18 and 6.19). This trnnk 
now enters the pelvis by passing down in front of the saero- 
iliae joint and joins the saeral plexus. 

Obturator Nerve 

The obturator nerve is a braneh of the lumbar plexus (L2,3, 
and 4), emerges from the medial border of the psoas muscle 
in the abdomen, and aeeompanies the inmbosaeral trunk 
down into the pelvis. It erosses the front of the saeroiliae 
joint and runs forward on the lateral pelvie wall in the angle 
between the internal and external iliae vessels (Fig. 6.12). 
On reaehing the obtnrator eanal (i.e., the upper part of the 
obturator foramen, which is devoid of the obtnrator mem- 
brane), it splits into anterior and posterior divisions that 
pass throngh the eanal to enter the addnetor region of the 
thigh. The distribntion of the obtnrator nerve in the thigh 
is eonsidered on page 465. 

Branehes 

Sensory branehes supply the parietal peritoneum on the 
lateral wall of the pelvis. 

Autonomic Nerves 

Pelvie Part of the SympathetieTmnk 

The pelvie part of the sympathetie trunk is continuous 
above, behind the eommon iliae vessels, with the abdom- 
inal part (Fig. 6.18). It runs down behind the rectum 
on the front of the saernm, medial to the anterior saeral 
foramina. The sympathetie trunk has four or five segmen- 
tally arranged ganglia. Below, the two trunks eonverge and 
finally unite in front of the coccyx. 

Branehes 

■ Gray rami eommnnieantes to the saeral and eoeeygeal 
nerves 

■ Fibers that join the hypogastrie plexuses 

Pelvie Splanehnie Nerves 

The pelvie splanehnie nerves form the parasympathetie 
part of the antonomie nervons system in the pelvis. The 
preganglionie fibers arise from the 2nd, 3rd and 4th saeral 
nerves and synapse in ganglia in the inferior hypogastrie 
plexus or in the walls of the viseera. 

Some of the parasympathetie fibers aseend throngh the 
hypogastrie plexuses and thenee via the aortie plexus to the 
inferior mesenterie plexus. The fibers are then distribnted 
along branehes of the inferior mesenterie artery to supply 
the large bowel from the left eolie fiexure to the upper half 
of the anal eanal. 

Superior Hypogastrie Plexus 

The snperior hypogastrie plexus is situated in front of the 
promontory of the saernm (Fig. 6.18). It is formed as a 
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TABLE 6.2 1 

Branehes of the Saeral Plexus and their Distribution 


Branehes 

Distribntion 


Superior gluteal nerve 

Inferior gluteal nerve 

Nerve to piriformis 

Gluteus medius, gluteus minimus, and tensorfaseiae latae muscles 

Gluteus maximus muscle 

Piriformis muscle 



Nerve to obtorator internos 
Nerve to quadratus femoris 


Obturator internus and superior gemellus muscles 
Quadratus femoris and inferior gemellus muscles 


Perforating cutaneous nerve 


Skin over medial aspeet of buttock 


Posterior cutaneous nerve of thigh 


Seiatie nerve (L4, 5; S1,2,3) 
Tibial portion 


Gommon peroneal portion 


Skin over posterior surface of thigh and popliteal fossa, also over lovver part of buttock, 
scrotum, or labium majus 


Hamstring muscles (semitendinous, bieeps femoris [long head], adductor magnus 
[hamstring part]), gastrocnemius, soleus, plantaris, popliteus, tibialis posterior, flexor 
digitorum longus, flexor hallucis longus, and via medial and lateral plantar branehes to 
muscles of sole of foot; sural braneh supplies skin on lateral side of leg and foot 

Bieeps femoris muscle (short head) and via deep peroneal braneh: tibialis anterior, 
extensor hallucis longus, extensor digitorum longus, peroneus tertius, and extensor 
digitorum brevis muscles; skin over eleft betvveen first and seeond toes. The superficial 
peroneal braneh suppliesthe peroneus longus and brevis muscles and skin over lovver 
third of anterior surface of leg and dorsum of foot 


Pudendal nerve Muscles of perineum including the external anal sphineter, mucous membrane of lovver 

half of anal eanal, perianal skin, skin of penis, scrotum, elitoris, and labia majora and 
minora 


continuation of the aortie plexus and from branehes of the 
3rd and 4th lumbar sympathetie ganglia. It eontains sym- 
pathetie and saeral parasympathetie nerve fìbers and vis- 
eeral afferent nerve fibers. The snperior hypogastrie plexus 
divides inferiorly to form the right and left hypogastrie 
nerves. 

Inferior Hypogastrie Plexuses 

The inferior hypogastrie plexuses lie on eaeh side of the 
rectum, the base of the bladder, and the vagina (Fig. 6.18). 
Eaeh plexus is formed from a hypogastrie nerve (from the 
snperior hypogastrie plexus) and from the pelvie splaneh- 
nie nerve. It eontains postganglionie sympathetie fibers, 
preganglionie and postganglionie parasympathetie fibers, 
and viseeral afferent fibers. Branehes pass to the pelvie vis- 
eera via small snbsidiary plexuses. 

Arteries of the Pelvis 
Common lliae Artery 

Eaeh eommon iliae artery ends at the pelvie inlet in front of 
the saeroiliae joint by dividing into the external and inter- 
nal iliae arteries (Eigs. 6.12 and 6.18). 

External lliae Artery 

The external iliae artery runs along the medial border of 
the psoas muscle, following the pelvie brim (Eig. 6.12), 
and gives off the inferior epigastrie and deep circumflex 


iliae branehes. It leaves the false pelvis by passing under the 
ingninal ligament to beeome the femoral artery. 

Arteries of the True Pelvis 

The following arteries enter the pelvie eavity: 

■ Internal iliae artery 

■ Snperior reetal artery 

■ Ovarian artery 

■ Median saeral artery 

Internal lliaeArtery 

The internal iliae artery passes down into the pelvis to 
the upper margin of the greater seiatie foramen, where it 
divides into anterior and posterior divisions (Eig. 6.12). 
The branehes of these divisions supply the pelvie viseera, 
the perineum, the pelvie walls, and the bnttoeks. The ori- 
gin of the terminal branehes is snbjeet to variation, but the 
usual arrangement is shown in Diagram 6.1. 

Branehes of the Anterior Division 

■ IJmbilieal artery: Erom the proximal patent part of the 
nmbilieal artery arises the superior vesieal artery, which 
snpplies the upper portion of the bladder (Eig. 6.12). 

■ Obturator artery: This artery runs forward along the 
lateral wall of the pelvis with the obtnrator nerve and 
leaves the pelvis throngh the obtnrator eanal. 

■ Inferior vesieal artery: This artery snpplies the base of 
the bladder and the prostate and seminal vesieles in the 
male; it also gives off the artery to the vas deferens. 
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Anterior division 


Posterior division 


Dmbilieal artery 


Obtorator artery 
Inferior vesieal artery 
Middle reetal artery 
Internal pudendal artery 
Inferior gluteal artery 
Llterine artery (female) 
Vaginal artery (female) 
lliolumbar artery 
Lateral saeral artery 
Superior gluteal artery 


artery to vas deferens (male) 
superior vesieal artery 


DIAGRAM 6.1 Branehes of the Internal lliae Artery 


■ Middle reetal artery: Gommonly, this artery arises with 
the inferior vesieal artery (Fig. 6.12). It snpplies the mus- 
ele of the lower rectum and anastomoses with the supe- 
rior reetal and inferior reetal arteries. 

■ Internal pndendal artery: This artery leaves the pelvis 
through the greater seiatie foramen and enters the glu- 
teal region below the piriformis muscle (Fig. 6.12). It then 
enters the perineum by passing throngh the lesser seiatie 
foramen and passes forward in the pndendal eanal with 
the pudendal nerve. Its branehes supply the musculature 
of the anal eanal and the skin and mnseles of the perineum. 

■ Inferior glnteal artery: This artery leaves the pelvis 
through the greater seiatie foramen below the piriformis 
muscle (Fig. 6.12). It passes between the first and seeond 
or seeond and third saeral nerves. 

■ IJterine artery: This artery runs medially on the fioor 
of the pelvis and erosses the nreter snperiorly (see Fig. 
7.28). It passes above the lateral fornix of the vagina to 
reaeh the uterus. Here, it aseends between the layers 
of the broad ligament along the lateral margin of the 
uterus. It ends by following the uterine tube laterally, 
where it anastomoses with the ovarian artery. The uter- 
ine artery gives off a vaginal braneh. 

■ Vaginal artery: This artery usually takes the plaee of the 
inferior vesieal artery present in the male. It snpplies the 
vagina and the base of the bladder. 

Branehes of the Posterior Division 

■ Iliolnmbar artery: This artery aseends aeross the pelvie 
inlet posterior to the external iliae vessels, psoas, and ili- 
acus muscles. 

■ Lateral saeral arteries: These arteries deseend in front 
of the saeral plexus, giving off branehes to neighboring 
structures (Fig. 6.12). 

■ Snperior glnteal artery: This artery leaves the pelvis 
through the greater seiatie foramen above the piriformis 
muscle. It supplies the gluteal region. 

Superior Reetal Artery 

The superior reetal artery is a direet continuation of the infe- 
rior mesenterie artery. The name ehanges as the latter artery 
erosses the eommon iliae artery. It supplies the mucous 
membrane of the rectum and the upper half of the anal eanal. 

Ovarian Artery 

(The testicular artery enters the ingninal eanal and does 
not enter the pelvis.) The ovarian artery arises from 


the abdominal part of the aorta at the level of the first 
lumbar vertebra. The artery is long and slender and 
passes downward and laterally behind the peritonenm. 
It erosses the external iliae artery at the pelvie inlet and 
enters the suspensory ligament of the ovary. It then 
passes into the broad ligament and enters the ovary by 
way of the mesovarinm. 

Median Saeral Artery 

The median saeral artery is a small artery that arises at the 
bifiireation of the aorta (Fig. 6.18). It deseends over the 
anterior surface of the sacrum and coccyx. 

The distribution of the viseeral branehes of the pelvie 
arteries is discussed in detail with the individual viseera in 
ehapter 7. 

Veins of the Pelvis 
External lliae Vein 

The external iliae vein begins behind the ingninal ligament as 
a eontinnation of the femoral vein. It runs along the medial 
side of the eorresponding artery and joins the internal iliae 
vein to form the eommon iliae vein (Fig. 6.12). It reeeives 

the inferior epigastrie and deep circumflex iliae veins. 

Internal lliae Vein 

The internal iliae vein begins by the joining together of 
tributaries that eorrespond to the branehes of the internal 
iliae artery. It passes upward in front of the saeroiliae joint 
and joins the external iliae vein to form the eommon iliae 
vein (Fig. 6.12). 

Median Saeral Veins 

The median saeral veins aeeompany the eorresponding 
artery and end by joining the left eommon iliae vein. 

Lymphaties of the Pelvis 

The lymph nodes and vessels are arranged in a ehain along 
the main blood vessels. The nodes are named after the 
blood vessels with which they are assoeiated. Thus, there 

are external iliae nodes, internal iliae nodes, and eommon 
iliae nodes. 
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Joints of the Pelvis 


Saeroiliae Joints 


The saeroiliae joints are strong synovial joints and are 
formed between the anrienlar snrfaees of the saernm and 
the iliae bones (Fig. 6.11). The saernm earries the weight of 
the trnnk, and, apart from the interloeking of the irregnlar 
artienlar snrfaees, the shape of the bones eontribntes little 
to the stability of the joints. The strong posterior and inter- 
osseons saeroiliae ligaments snspend the saernm between 
the two iliae bones. The anterior saeroiliae ligament is thin 
and lies in front of the joint. 

The weight of the trnnk tends to thrnst the npper end of 
the saernm downward and rotate the lower end of the bone 
upward (Fig. 6.11). This rotatory movement is prevented 
by the strong saerotnberons and saerospinons ligaments 
deseribed previously. The iliolnmbar ligament eonneets the 
tip of the fifth lumbar transverse proeess to the iliae erest. 


Movements 

A small but limited amount of movement is possible at 
these joints. In older people, the synovial eavity disappears 
and the joint beeomes fibrosed. Their primary fimetion is 
to transmit the weight of the body from the vertebral eol- 
umn to the bony pelvis. 
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Pelvìe Joints 


Ghanges with Pregnaney 

During pregnaney, the symphysis pubis and the ligaments of 
the saeroiliae and saeroeoeeygeal joints undergo softening 
in response to hormones, thus inereasing the mobility and 
inereasing the potential size of the pelvis during ehildbirth. 
The hormones responsible are estrogen and progesterone 
produced by the ovary and the plaeenta. An additional hor- 
mone, ealled relaxin, produced by these organs ean also have 
a relaxing effeet on the pelvie ligaments. 

Ghanges with Age 

Obliteration of the eavity in the saeroiliae joint occurs in both 
sexes after middle age. 


Saeroiliae Joint Disease 


The saeroiliae joint is innervated by the lower lumbar and 
saeral nerves so that disease in the joint ean produce low 
baek pain and pain referred along the seiatie nerve (seiatiea). 

The saeroiliae joint is inaeeessible to elinieal examination. 
However, a small area loeated just medial to and belowthe pos- 
terior superior iliae spine is where the joint eomes elosestto the 
surface. In disease of the lumbosacral region, movements of the 
vertebral column in anydireetion cause pain inthe lumbosacral 
partofthe column. In saeroiliae disease, pain is extreme on rota- 
tion of the vertebral column and is worst at the end of forward 
flexion. The latter movement causes pain because the hamstring 
muscles (see page 465) hold the hip bones in position while the 
sacrum is rotating forward as the vertebral column is flexed. 


Nerve Supply 

The nerve supply is from branehes of the saeral spinal nerves. 

Symphysis Pubis 

The symphysis pubis is a cartilaginous joint between the two 
pubic bones (Fig. 6.11). The artienlar snrfaees are eovered 
by a layer of hyaline eartilage and are eonneeted together by 
a fibroeartilaginons dise. The joint is surrounded by liga- 
ments that extend from one pubic bone to the other. 

Movements 

Almost no movement is possible at this joint. 

Saeroeoeeygeal Joint 

The saeroeoeeygeal joint is a eartilaginons joint between 
the bodies of the last saeral vertebra and the first eoeeygeal 
vertebra. The cornua of the sacrum and coccyx are joined 
by ligaments. 

Movements 

Extensive fiexion and extension are possible at this joint. 

Sex Differenees of the PeMs 


The sex differenees of the bony pelvis are easily reeognized. 
The more obvions differenees result from the adaptation 
of the female pelvis for ehildbearing. The stronger mnseles 
in the male are responsible for the thieker bones and more 
prominent bony markings (Figs. 6.1 and 6.4). 

■ The false pelvis is shallow in the female and deep in the 
male. 

■ The pelvie inlet is transversely oval in the female but 
heart shaped in the male beeanse of the indentation 
prodneed by the promontory of the saernm in the male. 
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FIGURE 6.20 Anterior view of the pelvis of a 27-year-old man. 
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FIGURE 6.21 Anterior view of the pelvis of a 29-year-old woman 


■ The pelvie eavity is roomier in the female than in the 
male, and the distanee between the inlet and the ontlet 
is much shorter. 

■ The pelvie outlet is larger in the female than in the male. 
In the female the isehial tnberosities are everted and in 
the male they are tnrned in. 

■ The saernm is shorter, wider, and flatter in the female 
than in the male. 

■ The subpubic angle, or pubic areh, is more rounded and 
wider in the female than in the male. 


Radiographig Anatomy 


Radiographie anatomy of the pelvis is fnlly deseribed on 
page 297. 



SURFACE AnATOMY 

Surface Landmarks 

lliae Grest 

The iliae erest ean be felt throngh the skin along its entire 
length (Figs. 6.20, 6.21, and 6.22). 
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FIGURE 6.22 Relationship between different parts of the pelvis and the body surface. 
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Anterior Snperior lliae Spine 


Viseera 


The anterior snperior iliae spine is sitnated at the anterior 
end of the iliae erest and lies at the npper lateral end of the 
fold of the groin (Figs. 6.20, 6.21, and 6.22). 

Posterior Snperior lliae Spine 

The posterior snperior iliae spine is sitnated at the posterior 
end of the iliae erest (Fig. 6.22). It lies at the bottom of a 
small skin dimple and on a level with the 2nd saeral spine, 
which eoineides with the lower limit of the snbaraehnoid 
spaee; it also eoineides with the level of the middle of the 
saeroiliae joint. 

Pnbie Tnberele 

The pnbie tnberele ean be felt on the npper border of the 
pnbis (Figs. 6.20,6.21, and 6.22). Attaehed to it is the medial 
end of the ingninal ligament. The tnberele ean be palpated 
easily in the male by invaginating the serotnm from below 
with the examining finger. In the female, the pnbie tnberele 
ean be palpated throngh the lateral margin of the labinm 
majns. 

Pubic Grest 

The pnbie erest is the ridge of bone on the snperior snrfaee 
of the pnbie bone, medial to the pnbie tnberele (Figs. 6.1 
and 6.22). 

Symphysis Pubis 

The symphysis pnbis (Figs. 6.1 and 6.22) lies in the midline 
between the bodies of the pnbie bones and ean be palpated 
as a solid strnetnre throngh the fat that is present in this 
region. 

Spinous Proeesses of Sacrum 

The spinons proeesses of the saernm (Fig. 6.22) are fnsed 
with eaeh other in the midline to form the median saeral 
erest. The erest ean be felt beneath the skin in the npper- 
most part of the eleft between the bnttoeks. 

Saeral Hiatus 

The saeral hiatns is sitnated on the posterior aspeet of 
the lower end of the saernm, where the extradural spaee 
terminates (Fig. 6.22). The hiatus lies about 2 in. (5 em) 
above the tip of the coccyx and beneath the skin of the eleft 
between the bnttoeks. 

Coccyx 

The inferior snrfaee and tip of the coccyx (Fig. 6.22) ean 
be palpated in the eleft between the bnttoeks about 1 in. 
(2.5 em) behind the anus. The anterior snrfaee of the 
coccyx ean be palpated with the gloved finger in the anal 
eanal. 


IJrinary Bladder 

In adults, the empty bladder is a pelvie organ and lies pos- 
terior to the symphysis pubis. As the bladder fills, it rises up 
out of the pelvis into the abdomen, where it ean be palpated 
throngh the anterior abdominal wall above the symphysis 
pubis (Fig. 6.23). The peritoneum eovering the distended 
bladder beeomes peeled off from the anterior abdominal 
wall so that the front of the bladder is in direet eontaet with 
the abdominal wall (see page 272). 

In ehildren, until the age of 6 years, the bladder is an 
abdominal organ even when empty beeanse the eapaeity of 
the pelvie eavity is not great enough to eontain it. The neek 
of the bladder lies just below the level of the upper border 
of the symphysis pubis. 

Uterus 

Toward the end of the 2nd month of pregnaney, the fundus 
of the uterus ean be palpated throngh the lower part of the 




unnbilicus 
peritoneunn 
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FIGURE 6.23 A. Surface anatomy of the empty bladder and 
the full bladder B. Height of the fundus of the uterus at 
various months of pregnaney. Note that the peritoneum 
eovering the distended bladder beeomes peeled off from 
the anterior abdominal wall so that the front of the bladder 
eomes to lie in direet eontaet with the abdominal wall. 
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anterior abdominal wall. With the progressive enlargement 
of the nterns, the fnndns rises above the level of the nmbili- 
cus and reaehes the region of the xiphoid proeess by the 9th 
month of pregnaney (Fig. 6.23). Later, when the presenting 
part of the fetus, usually the head, deseends into the pelvis, 
the fundus of the uterus also deseends. 

Reetal and Vaginal Exaniinations as a 
Means of Palpating the Pelvie Viseera 

Bimannal reetoabdominal and vaginal-abdominal exam- 
inations are extremely valnable methods of palpating the 


pelvie viseera; they are deseribed in detail on pages 311 
and 326. 


eiinieal Cases and Review Questions 
are available online at 


www.thePoint.lww.com/Snell9e. 
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A 62-year-old man visited his physieian for an annual physieal examination. He appeared to be 

in very good health and had no eomplaints. A general examination revealed nothing abnor- 
mal. The physieian then told the patientthat he was aboutto perform a reetal examination. At 
first the patient objeeted, saying that he did not feel it was neeessary because nothing abnormal was 
found a year ago. The physieian persisted and finally the patient agreed to the examination. 

Asmall hard nodule wasfound projeeting from the posterior surface of the prostate. No other abnor- 
malities were diseovered. The patient was informed of the findings, and the possibility that the nodule 
was malignant was explained. The patient was very upset espeeially because he had no abnormal 
urinary symptoms. 

Additional laboratory and radiologie tests were performed, and the prostate-speeifie antigen (PSA) 
level in the blood wasfound to be well above the normal range. No evidenee of pelvie lymphatie enlarge- 
ment was seen on pelvie computed tomography (CT) seans, and no evidenee of bone metastases was 
seen on bone seans. A diagnosis of early eaneer of the prostate was made and was later eonfirmed by 
a needle biopsy of prostatie tissue through the anterior wall of the rectum. 

This ease illustrates how a physieian in general praetiee who has good knowledge of the relevant 
anatomie features of the pelvis ean reeognize an abnormal prostate when it is palpated through the 
anterior reetal wall. This patient later had the prostate removed, and the prognosis was excellent. 
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GHAPTER OBJEGTIVES 


■ The pelvie eavity eontains the lovver ends of the intestinal and 
orinary traets and the internal organs of reprodoetion as well as 
their nerve supply, blood supply, and lymphatie drainage. 

The organs projeet up into the peritoneal eavity, causing the 
peritoneum to be draped overthem in folds, producing impor- 
tant fossae that are the sites for the accumulation of blood and 
pus in differenttypes of pelvie disease. 

■ The physieian is often eonfronted with problems involving infee- 
tions, injuries, and prolapses of the rectum, uterus, and vagina. 


: ■ Emergeney situations involving the bladder, the pregnant uterus, 

: eetopie pregnaney, spontaneous abortion, and acute pelvie 

# 

i inflammatory disease are examples of problems found in the 

: female. 

# 

: ■ The urinary bladder and the prostate in the male are frequent 

# 

; sites of disease. 

: ■ The purpose of this ehapter is to eonsider the important 

: anatomy relative to eommon elinieal eonditions involving the 

# 

: pelvie organs. 



Basig Anatomy 


The pelvie eavity, or eavity of the true pelvis, ean be defined 
as the area between the pelvie inlet and the pelvie outlet. 
It is customary to subdivide it by the pelvie diaphragm 
into the main pelvie eavity above and the perinenm below 
(Fig. 7.1). This ehapter is eoneerned with the eontents of 
the main pelvie eavity. A detailed deseription of the peri- 
neum is given in Ghapter 8. 


thoraeie eavity 



diaphragm 


eostal 

margin 


iliae erest 


pelvie inlet 


pelvie diaphragm 


perineum 


pelvie outlet 

FIGLIRE 7.1 Goronal seetion through the thorax, abdomen, 
and pelvis shovving the thoraeie, abdominal, and pelvie 
eavities and the perineum. 


eontents of the Pelvie Gavity 

Sigmoid Golon 

Loeation and Deseription 

The sigmoid eolon is 10 to 15 in. (25 to 38 em) long and 
begins as a eontinnation of the deseending eolon in front 
of the pelvie brim. Below, it beeomes continuous with the 
rectum in front of the 3rd saeral vertebra. The sigmoid 
eolon is mobile and hangs down into the pelvie eavity in 
the form of a loop. 

The sigmoid eolon is attaehed to the posterior pelvie 
wall by the fan-shaped sigmoid mesoeolon. 

Relations 

■ Anteriorly: In the male, the nrinary bladder; in the 
female, the posterior snrfaee of the uterus and the upper 
part of the vagina 

■ Posteriorly: The rectum and the saernm. The sigmoid 
eolon is also related to the lower eoils of the terminal 
part of the ileum. 

Blood Supply 

Arteries 

Sigmoid branehes of the inferior mesenterie artery. 

Veins 

The veins drain into the inferior mesenterie vein, which 
joins the portal venous system. 

Lymph Drainage 

The lymph drains into nodes along the course of the sig- 
moid arteries; from these nodes, the lymph travels to the 
inferior mesenterie nodes. 

Nerve Supply 

The sympathetie and parasympathetie nerves from the 
inferior hypogastrie plexuses. 

Rectum 

Loeatìon and Deseription 

The rectum is about 5 in. (13 em) long and begins in front 
of the third saeral vertebra as a eontinnation of the sigmoid 
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Varìatìon ìn Length and Loeatìon of the Sìgmoid Golon 

The sigmoid eolon shovvs great variation in length and may mea- 
sure as much as 36 in. (91 em). In the young ehild, because the 
pelvis is small, this segment of the eolon may lie mainly in the 
abdomen. 


Ganeer of the Sígmoid Golon 

The sigmoid eolon is a eommon site for eaneer of the large 
bovvel. Because the lymphatie vessels of this segment of the 
eolon drain ultimately into the inferior mesenterie nodes, it fol- 
lovvs that an extensive reseetion of the gut and its assoeiated 
lymphatie field is neeessary to extirpate the grovvth and its loeal 
lymphatie metastases. The eolon is removed from the left eolie 
flexure to the distal end of the sigmoid eolon, and the transverse 
eolon is anastomosed to the rectum. 


Volvnlns 

Because of its extreme mobility, the sigmoid eolon sometimes 
rotates around its mesentery. This may eorreet itself sponta- 
neously, or the rotation may continue until the blood supply of 
the gut is cut off eompletely. The rotation eommonly occurs in a 
counterclockvvise direetion and is referred to as volvulus. 


Dìvei1ìcula 

Diverticula of the mucous membrane along the course of the 
arteries supplying the sigmoid eolon is a eommon elinieal eondi- 
tion and is deseribed on page 185. In patients vvith diverticulitis 
or ulcerative eolitis, the sigmoid eolon may beeome adherent 
to the bladder, rectum, ileum, or ureter and produce an internal 
fistula. 

Sìgmoidoseopy 

Because the sigmoid eolon lies only a short distanee from the 
anus (6.5 in. [17 em]), it is possible to examine the mucous mem- 
brane under direet vision for pathologie eonditions. A flexible 
tube fitted vvith lenses and illuminated internally is introduced 
through the anus and carefully passed upthrough the anal eanal, 
rectum, sigmoid eolon, and deseending eolon. This examination, 
ealled sigmoidoseopy, ean be earried out vvithout an anesthetie 
in an outpatient elinie. Biopsy speeimens of the mucous mem- 
brane ean be obtained through this instrument. 




Anatomie Faets Relevant to Sigmoidoseopy 

The patient is plaeed in the left lateral position vvith the left 
knee flexed and the right knee extended (Fig. 7.2). Alternatively, 
the patient is plaeed kneeling in the knee-ehest position. 

The sigmoidoseope is gently inserted into the anus and anal 
eanal in the direetion of the umbilicus to ensure that the in- 
strument passes along the long axis of the eanal. Gentle but 
firm pressure is applied to overeome the resistanee of the 
anal sphineters (Fig. 7.3). 

After a distanee of about 1.5 in. (4 em), the instrument enters 
the ampulla of the rectum. Atthis point, thetip of the sigmoid- 
oseope should be direeted posteriorly in the midline to follovv 
the saeral curve of the rectum (see Fig. 7.2). 





■ Slovv advaneement is made under direet vision. Some slight 
side-to-side movement may be neeessary to bypass the 

transverse reetal folds. 

■ At approximately 6.5 in. (16.25 em) from the anal margin, the 
reetosigmoid junction vvill be reaehed. The sigmoid eolon 
here bends forvvard and to the left, and the lumen appears to 
end in a blind cul-de-sac. To negotiate this angulation, the tip 
of the sigmoidoseope must be direeted anteriorly and to the 
patient's left side. This maneuver ean cause some diseom- 
fort in the anal eanal from distortion of the anal sphineters 
by the shaft of the sigmoidoseope. Another possibility is that 
the point of the instrument may streteh the vvall of the eolon, 
giving rise to eolieky pain in the lovver abdomen. 

■ Onee the instrument has entered the sigmoid eolon, it should be 
possible to pass it smoothly along its full extent and, using the 
full length ofthe sigmoidoseope, enterthe deseending eolon. 

■ The sigmoidoseope may novv be slovvly vvithdravvn, carefully 
inspeeting the mucous membrane. The normal reetal and eo- 
lonie mucous membrane is smooth and glistening and pale 
pink vvith an orange tinge, and blood vessels in the submu- 
eosa ean be elearly seen. The mucous membrane is supple 
and moves easily overthe end of the sigmoidoseope. 


Anatomy of Complications of Sigmoidoseopy 

Perforation of the bovvel atthe reetosigmoid jnnetion ean occur. 
This is almost invariably caused by the operator failing to nego- 
tiate carefully the curve betvveen the rectum and the sigmoid 
eolon. In some patients, the curve is in the form of an acute 
angulation, vvhieh may frustrate the overzealous advaneement 
of the sigmoidoseope. Perforation of the sigmoid eolon results in 
the eseape of eolonie eontents into the peritoneal eavity. 

Golonoseopy 

Direet inspeetion of the lining of the entire eolon including the 
cecum has beeome an important vveapon in the early diagno- 
sis of mucosal polyps and large bovvel eaneer in reeentyears. 
Not only ean the eolon be observed and suspicious areas photo- 
graphed for future referenee, but also biopsy speeimens ean be 
removed for pathologie examination. 

For the diagnosis of early eaneer, physieians previously 
relied almost entirely on reetal examination, sigmoidoseopy, and 
the deteetion of occult blood in the feees. The disadvantage of 
eolonoseopy is the high eost (see Fig. 5.37). 

Follovving a regime in vvhieh the large bovvel is thoroughly 
vvashed out, the patient is relaxed under a light anesthetie. The 
flexible endoseopie tube is introduced through the anus into the 
anal eanal, rectum, and eolon. Golonoseopy ean also be used in the 
diagnosis and treatment of ulcerative eolitis and Grohn's disease. 

Golostomy 

The sigmoid eolon is often seleeted as a site for performing a 
eolostomy in patients vvith eareinoma of the rectum. Its mobility 
allovvs the surgeon to bring out a loop of eolon, vvith its blood 
supply intaet, through a small ineision in the left iliae region of 
the anterior abdominal vvall. Its mobility also makes it suitable for 
implantation of the ureters after surgical removal of the bladder. 
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A 



FIGURE7.2 Sigmoidoseopy. A. Patient in the left lateral posi- 
tion with the left knee flexed and the right knee extended. 

B. Sagittal seetion of the male pelvis showing the positions 
( 1 , 2 , and 3 ) of the tube of the sigmoidoseope relative to the 
patient as it aseends the anal eanal and rectum.The area of 
diseomfort or pain experienced by the patient as the tube 
is negotiated around the bend into the sigmoid eolon is 
referred to the skin of the anterior abdominal wall below the 
umbilicus. 

eolon. It passes downward, following the enrve of the 
saernm and coccyx, and ends in front of the tip of the eoe- 
cyx by piereing the pelvie diaphragm and beeoming eon- 
tinnons with the anal eanal. The lower part of the reetnm is 
dilated to form the reetal ampulla. 

The reetnm deviates to the left, but it quickly returns 
to the median plane (Fig. 7.3). On lateral view, the rectum 
follows the anterior eoneavity of the saernm before bend- 
ing downward and backward at its jnnetion with the anal 
eanal (Fig. 7.4). 

The pnboreetalis portion of the levator ani mnseles 
forms a sling (see page 247) at the jnnetion of the rectum 
with the anal eanal and pulls this part of the bowel forward, 
producing the anoreetal angle. 

The peritoneum eovers the anterior and lateral snrfaees 
of the first third of the rectum and only the anterior snrfaee 
of the middle third, leaving the lower third devoid of peri- 
toneum (Figs. 7.4 and 7.5). 

The muscular eoat of the rectum is arranged in the 
usual outer longitudinal and inner eirenlar layers of smooth 
muscle. The three teniae eoli of the sigmoid eolon, however, 
eome together so that the longitndinal fibers form a broad 
band on the anterior and posterior snrfaees of the rectum. 


The mucous membrane of the rectum, together with 
the circular muscle layer, forms two or three semicircular 
permanent folds ealled the transverse folds of the rectum 
(see Fig. 7.3); they vary in position. 

Relations 

■ Posteriorly: The rectum is in eontaet with the saernm 
and coccyx; the piriformis, eoeeygens, and levatores ani 
mnseles; the saeral plexus; and the sympathetie trunks 
(see Fig. 6.18). 

■ Anteriorly: In the male, the upper two thirds of the ree- 
tum, which is eovered by peritoneum, is related to the sig- 
moid eolon and eoils of ileum that occupy the reetovesieal 
pouch. The lower third of the rectum, which is devoid of 
peritoneum, is related to the posterior surface of the blad- 
der, to the termination of the vas deferens and the seminal 
vesieles on eaeh side, and to the prostate (see Fig. 7.4). 

In the female, the upper two thirds of the rectum, which is 
eovered by peritoneum, is related to the sigmoid eolon and 
eoils of ileum that occupy the rectouterine pouch (pouch 
of Douglas). The lower third of the rectum, which is devoid 
of peritoneum, is related to the posterior surface of the 
vagina (see Fig. 7.5). 

Blood Supply 

Arteries 

The snperior, middle, and inferior reetal arteries (Fig. 7.6) 
supply the rectum. 

The snperior reetal artery is a direet continuation of the 
inferior mesenterie artery and is the ehief artery supply- 
ing the mucous membrane. It enters the pelvis by deseend- 
ing in the root of the sigmoid mesoeolon and divides into 
right and left branehes, which pieree the muscular eoat and 
supply the mucous membrane. They anastomose with one 
another and with the middle and inferior reetal arteries. 

The middle reetal artery is a small braneh of the internal 
iliae artery and is distribnted mainly to the muscular eoat. 

The inferior reetal artery is a braneh of the internal 
pndendal artery in the perinenm. It anastomoses with the 
middle reetal artery at the anoreetal jnnetion. 

Veins 

The veins of the rectum eorrespond to the arteries. The 
snperior reetal vein is a tribntary of the portal eirenlation 
and drains into the inferior mesenterie vein. The middle 
and inferior reetal veins drain into the internal iliae and 
internal pndendal veins, respeetively. The union between 
the reetal veins forms an important portal-systemie anas- 
tomosis (see Ghapter 5). 

Lymph Drainage 

The lymph vessels of the rectum drain first into the par- 
areetal nodes and then into inferior mesenterie nodes. 
Lymph vessels from the lower part of the rectum follow the 
middle reetal artery to the internal iliae nodes. 

Nerve Supply 

The nerve supply is from the sympathetie and parasympa- 
thetie nerves from the inferior hypogastrie plexuses. The 
rectum is sensitive only to streteh. 
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FIGURE 7.3 Goronal seetion through the pelvis shovving the rectunn and the pelvie floor 
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FIGURE7.4 Sagittal seetion of the nnale pelvis. 
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FIGURE 7.5 Sagittal seetion of the fennale pelvis. 
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FIGURE7.6 A. Blood supply to the rectunn. B.The transverse folds of the rectunn as seen through a sigmoidoseope. 
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e L I N I e A L N 0 T E S 


Reetal Curves and Mucosal Folds 

The anteroposterior flexure of the rectum, as it follovvs the cur- 
vature of the sacrum and coccyx, and the lateral flexures must 
be remembered vvhen one is passing a sigmoidoseope to avoid 
causing the patient unnecessary diseomfort. 

The ereseentie transverse mucosal folds of the rectum must also 
be borne in mind vvhen passing an instrument into the rectum. 
It is thought that these folds serve to support the vveight of the 
feees and to prevent excessive distention of the reetal ampulla. 

Blood Supply and Internal Hemorrhoìds 

The ehief arterial supply to the rectum is from the superior reetal 
artery, a continuation of the inferior mesenterie artery. In front 
of the third saeral vertebra, the artery divides into right and left 
branehes. Halfvvay dovvn the rectum, the right braneh divides 
into an anterior and a posterior braneh. The tributaries of the 
superior reetal vein are arranged in a similar manner, so that it is 
not surprising to find that internal hemorrhoids are arranged in 
three groups (see Ghapter 8): tvvo on the right side of the lovver 
rectum and anal eanal and one on the left. 

Partial and Gomplete Prolapse of the Rectum 

Partial and eomplete prolapses of the rectum through the anus 
are relatively eommon elinieal eonditions. In partial prolapse, 
the reetal mucous membrane and submucous eoat protrude 
for a short distanee outside the anus (Fig. 7.7). In eomplete pro- 
lapse, the vvhole thiekness of the reetal vvall protrudes through 
the anus. In both eonditions, many causative faetors may be 
involved. Hovvever, damage to the levatores ani muscles as the 
result of ehildbirth and poor muscle tone in the aged are impor- 
tant contributing faetors. A eomplete reetal prolapse may be 
regarded as a sliding hernia through the pelvie diaphragm. 

Ganeer of the Rectum 

Ganeer (eareinoma) of the rectum is a eommon elinieal finding 

that remains loealized to the reetal vvall for a eonsiderable time. 

At first, it tends to spread loeally in the lymphaties around the 

circumference ofthe bovvel. Later, it spreads upvvard and later- 

ally along the lymph vessels, follovving the superior reetal and 

middle reetal arteries. Venous spread occurs late, and because 

the superior reetal vein isatributary ofthe portal vein,the liveris 

a eommon site for seeondary deposits. 

Onee the malignant tumor has extended beyond the eon- 

fines of the reetal vvall, knovvledge of the anatomie relations of 

the rectum vvill enable a physieian to assess the structures and 
\___ 




organs likely to be involved. In both sexes, a posterior penetra- 
tion involvesthe saeral plexus and ean cause severe intraetable 
pain dovvn the leg in the distribution of the seiatie nerve. A lateral 
penetration may involve the ureter. An anterior penetration in the 
male may involve the prostate, seminal vesieles, or bladder; in 
the female, the vagina and uterus may be invaded. 

It is elear from the anatomie features of the rectum and its 
lymph drainage that a vvide reseetion of the rectum vvith its lym- 
phatie field offers the best ehanee of cure. When the tumor has 
spread to contiguous organs and is of a lovv grade of malignaney, 
some form of pelvie eviseeration may be justifiable. 

It is most important for a medieal student to remember that 
the interior of the lovver part of the rectum ean be examined by 
a gloved index finger introduced through the anal eanal. The anal 
eanal is about 1.5 in. (4 em) long so that the pulp of the index fin- 
ger ean easily feel the mucous membrane lining the lovver end of 
the rectum. Most eaneers of the rectum ean be diagnosed by this 
means. This examination ean be extended in both sexes by plaeing 
the other hand on the lovver part of the anterior abdominal vvall. 
With the bladder empty, the anterior reetal vvall ean be examined 
bimanually. In the female, the plaeing of one finger in the vagina 
and another in the rectum may enable the physieian to make a 
thorough examination of the lovver part of the anterior reetal vvall. 

Reetal lnjurìes 

The management of penetrating reetal injuries vvill be determined 
by the site of penetration relative to the peritoneal eovering. The 
upperthird of the rectum is eovered on the anterior and lateral 
surfaces by peritoneum, the middle third is eovered only on its 
anterior surface, and the lovver third is devoid of a peritoneal 
eovering (see Figs. 7.3,7.4, and 7.5). The treatment of penetration 
of the intraperitoneal portion of the rectum is identieal to that of 
the eolon, because the peritoneal eavity has been violated. In 
the ease of penetration of the extraperitoneal portion,the rectum 
is treated by diverting the feees through a temporary abdominal 
eolostomy, administering antibioties, and repairing and draining 
the tissue in front of the sacrum. 


Pelvìe Appendìx 

If an inflamed appendix is hanging dovvn into the pelvis, abdominal 
tenderness in the right iliae region may not be felt, but deep tender- 
ness may be experienced above the symphysis pubis. Reetal exami- 
nation (or vaginal examination in the female) may reveal tenderness 
of the peritoneum in the pelvis on the right side. If such an inflamed 
appendix perforates, a loealized pelvie peritonitis may result. 



E M B R Y 0 L 0 G I e N 0 T E S 


Development of the Dìstal Part of the Large Bovvel 

The left eolie flexure, deseending eolon, sigmoid eolon, ree- 
tum, and upper half of the anal eanal are developed from the 
hindgut. Distally, this terminates as a blind sae of entoderm, 
vvhieh is in eontaet vvith a shallovv eetodermal depression 


ealled the proctodeum. The apposed layers of eetoderm and 
entoderm form the eloaeal membrane, vvhieh separates the 
eavity of the hindgut from the surface (Fig. 7.8). The hindgut 
sends off a diverticulum, the allantois, that passes into the 
umbilical eord. Distal to the allantois, the hindgut dilates 


(continuedl 
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to form the entodermal eloaea (see Fig. 7.8). In the interval 
betvveen the allantois and the hindgot, a vvedge of mesen- 
ehyme invaginates the entoderm. With eontinoed proliferation 
of the mesenehyme, a septum is formed that grovvs inferiorly 
and divides the eloaea into anterior and posterior parts. The 
septum is ealled the nroreetal septnm, the anterior part of 
the eloaea beeomes the primitive bladder and the nrogenital 
sinns, and the posterior part of the eloaea forms the anoree- 
tal eanal. On reaehing the eloaeal membrane, the urorectal 
septum fuses vvith it and forms the future perineal body (see 
Fig. 7.8). The fates of the primitive bladder and the urogenital 
sinus in both sexes are eonsidered in detail on page 280. 

The anoreetal eanal forms the reetnm and the superior half of 
the anal eanal. The lining of the inferior half of the anal eanal is 
formed from the eetoderm of the proctodeum (Fig. 7.9). The pos- 
terior part of the eloaeal membrane breaks dovvn so that the gut 
opens onto the surface of the embryo. 

Hindgnt Artery 

The hindgut, vvhieh extends from the left eolie flexure to half- 
vvay dovvn the anal eanal, is supplied by the inferior mesenterie 


artery (see Fig. 5.46). Here, a number of ventral branehes of the 
aorta fuse to form a single artery. 


Meeoninm 

At full term, the large intestine is filled vvith a mixture of intestinal 
gland seeretions, bile, and amniotie fluid. This substance is dark 
green in eolor and is ealled meeoninm. It starts to accumulate at 
4 months and reaehes the rectum at the fifth month. 


Primary Megaeolon (Hirsehsprnng Disease) 

Hirschsprung disease shovvs a familial tendeney and is more 
eommon in males than in females. Symptoms usually appear 
during the firstfevv days after birth. The ehild failsto pass meeo- 
nium, and the abdomen beeomes enormously distended. The 
sigmoid eolon is greatly distended and hypertrophied, vvhile the 
rectum and anal eanal are eonstrieted (Fig. 7.10). It is the eon- 
strieted segment of the bovvel that causes the obstruction, and 
histologie examination reveals a eomplete failure of develop- 
ment of the parasympathetie ganglion eells in this region. The 
treatment is operative excision of the aganglionie segment of 
the bovvel. 


PeMe Viseera in the Male 


IJreters 


The rectum, sigmoid eolon, and terminal eoils of ileum Eaeh ureter is a muscular tube that extends ffom the kidney 
occupy the posterior part of the pelvie eavity in both sexes, as to the posterior snrfaee of the bladder. Its abdominal course 

deseribed above. The eontents of the anterior part of the pel- is deseribed on page 209. 

vie eavity in the male are deseribed in the following seetions. 
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FIGURE7.7 Goronal seetion of the reetym and anal eanal. A. ineomplete reetal (mucosal) prolapse. B. Gomplete reetal prolapse. 
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FIGURE 7.8 Prog ressive stages ( 1 - 4 ) in the formation of the urorectal septum, vvhieh divides the eloaea into an anterior part 
(the primitive bladder and the urogenital sinus) and a posterior part (the anoreetal eanal). 
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FIGURE 7.9 Structure of the anal eanal and its embryologie origin 
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FIGURE7.10 Main eharaeteristies of primary megaeolon (Hirschsprung disease). 


The ureter enters the pelvis by erossing the bihireation 
of the eommon iliae artery in front of the saeroiliae joint. 
Eaeh ureter then runs down the lateral wall of the pelvis in 
front of the internal iliae artery to the region of the isehial 
spine and turns forward to enter the lateral angle of the 
bladder (Fig. 7.11). Near its termination, it is erossed by the 
vas deferens. The ureter passes obliquely through the wall 
of the bladder for about 0.75 in. (1.9 em) before opening 
into the bladder. 

Constrictions 

The ureter possesses three eonstrietions: where the renal 
pelvis joins the ureter in the abdomen, where it is kinked 
as it erosses the pelvie brim to enter the pelvis, and where it 
pierees the bladder wall. 

The blood supply, lymph drainage, and nerve supply of 
the ureter are deseribed on page 211. 



FIGURE7.11 Right half of the pelvis shovving relations of 
the ureter and vas deferens. 


IJrinary Bladder 

Loeatìon and Deseription 

The nrinary bladder is sitnated immediately behind the 
pubic bones (see Fig. 7.4) within the pelvis. It stores urine 
and in the adult has a maximum eapaeity of about 500 mF. 
The bladder has a strong muscular wall. Its shape and rela- 
tions vary aeeording to the amount of urine that it eon- 
tains. The empty bladder in the adult lies entirely within 
the pelvis; as the bladder fills, its snperior wall rises up into 
the hypogastrie region (Fig. 7.12). In the young ehild, the 
empty bladder projeets above the pelvie inlet; later, when 
the pelvie eavity enlarges, the bladder sinks into the pelvis 
to take up the adult position. 

The empty bladder is pyramidal (Fig. 7.13), having an 
apex, a base, and a snperior and two inferolateral snrfaees; 
it also has a neek. 

The apex of the bladder points anteriorly and lies behind 
the upper margin of the symphysis pubis (see Figs. 7.4 
and 7.12). It is eonneeted to the umbilicus by the median 
nmbilieal ligament (remains of urachus). 

The base, or posterior snrfaee of the bladder, faees 
posteriorly and is triangnlar. The snperolateral angles are 
joined by the nreters, and the inferior angle gives rise to the 
nrethra (see Fig. 7.13). The two vasa deferentia lie side by 
side on the posterior snrfaee of the bladder and separate the 
seminal vesieles from eaeh other (see Fig. 7.13). The upper 
part of the posterior surface of the bladder is eovered by 
peritoneum, which forms the anterior wall of the reetovesi- 
eal pouch. The lower part of the posterior surface is sepa- 
rated from the rectum by the vasa deferentia, the seminal 
vesieles, and the reetovesieal faseia (see Fig. 7.4). 

The snperior snrfaee of the bladder is eovered with per- 
itonenm and is related to eoils of ileum or sigmoid eolon 
(see Fig. 7.4). Along the lateral margins of this snrfaee, the 
peritonenm passes to the lateral pelvie walls. 

As the bladder fills, it beeomes ovoid, and the snperior 
snrfaee bulges upward into the abdominal eavity. The peri- 
toneal eovering is peeled off the lower part of the anterior 
abdominal wall so that the bladder eomes into direet eon- 
taet with the anterior abdominal wall. 
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FIGURE 7.13 A. Lateral view of the bladder, prostate, and 
left seminal vesiele. B. Posterior view of the bladder, pros- 
tate, vasa deferentia, and seminal vesieles. 


FIGURE 7.12 A. Lateral view of the bladder. Note that the 
syperior wall rises as the viscus fills with urine. Note also 
that the peritoneum eovering the superior surface of the 
bladder is peeled off from the anterior abdominal wall as the 
bladder fills. B. Interior of the bladder in the male as seen 
from in front. 

The inferolateral snrfaees are related in front to the 
retropnbie pad of fat and the pnbie bones. More posteri- 
orly, they lie in eontaet with the obtnrator internns mnsele 
above and the levator ani mnsele below. 

The neek of the bladder lies inferiorly and rests on the 
npper snrfaee of the prostate (see Fig. 7.13). Here, the 
smooth mnsele fibers of the bladder wall are eontinnons 
with those of the prostate. The neek of the bladder is held in 
position by the pnboprostatie ligaments in the male; these 
are ealled the pnbovesieal ligaments in the female. These 
ligaments are thiekenings of the pelvie faseia. 

When the bladder fills, the posterior snrfaee and neek 
remain more or less nnehanged in position, but the supe- 
rior surface rises into the abdomen, as deseribed in the pre- 
vious paragraphs. 

The mneons membrane of the greater part of the empty 
bladder is thrown into folds that disappear when the bladder 
is fnll. The area of mucous membrane eovering the internal 
snrfaee of the base of the bladder is ealled the trigone. Here, 
the mucous membrane is always smooth, even when the 
viscus is empty (see Fig. 7.12), because the mucous mem- 
brane is firmly adherent to the nnderlying muscular eoat. 


The superior angles of the trigone eorrespond to the 
openings of the nreters, and the inferior angle to the inter- 
nal nrethral orifiee (see Fig. 7.12). The nreters pieree the 
bladder wall obliquely, and this provides a valvelike aetion, 
which prevents a reverse fiow of urine toward the kidneys 
as the bladder fills. 

The trigone is limited above by a muscular ridge, which 
runs from the opening of one ureter to that of the other 
and is known as the interureteric ridge. The uvula vesieae 
is a small elevation sitnated immediately behind the ure- 
thral orifiee, which is produced by the underlying median 
lobe of the prostate. 

The muscular eoat of the bladder is eomposed of 
smooth muscle and is arranged as three layers of interlaeing 
bnndles known as the detrusor muscle. At the neek of the 
bladder, the eirenlar eomponent of the muscle eoat is thiek- 
ened to form the sphineter vesieae. 

Blood Supply 

Arteries 

The snperior and inferior vesieal arteries, branehes of the 
internal iliae arteries. 

Veins 

The veins form the vesieal venous plexus that drains into 
the internal iliae vein. 

Lymph Drainage 

Internal and external iliae nodes. 
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FIGLIRE 7.14 Nervous eontrol of the bladder. Sympathetie 
fibers have been omitted for simplifieation. 


Nerve Supply 

The inferior hypogastrie plexuses. The sympathetie post- 
ganglionie fibers originate in the Ist and 2nd lumbar 
ganglia and deseend to the bladder via the hypogastrie plex- 
uses. The parasympathetie preganglionie fibers arise as the 
pelvie splanehnie nerves from the seeond, third, and fourth 
saeral nerves; they pass throngh the inferior hypogastrie 
plexuses to reaeh the bladder wall, where they synapse with 
postganglionie nenrons. Most afferent sensory fibers arising 
in the bladder reaeh the eentral nervons system via the pel- 
vie splanehnie nerves. Some afferent fibers travel with the 
sympathetie nerves via the hypogastrie plexuses and enter 
the first and seeond lumbar segments of the spinal eord. 


The sympathetie nerves"^ inhibit eontraetion of the det- 
rusor muscle of the bladder wall and stimnlate elosnre of 
the sphineter vesieae. The parasympathetie nerves stimnlate 
eontraetion of the detrnsor muscle of the bladder wall and 
inhibit the aetion of the sphineter vesieae. 

Micturition 

Mietnrition is a refiex aetion that, in the toilet-trained indi- 
vidual, is eontrolled by higher eenters in the brain. The refiex 
is initiated when the volume of urine reaehes about 300 mL; 
streteh reeeptors in the bladder wall are stimnlated and 
transmit impnlses to the eentral nervons system, and the 
individnal has a eonseions desire to mietnrate. Most affer- 
ent impnlses pass up the pelvie splanehnie nerves and enter 
the 2nd, 3rd, and 4th saeral segments of the spinal eord (Fig. 
7.14). Some afferent impnlses travel with the sympathetie 
nerves via the hypogastrie plexuses and enter the first and 
seeond lumbar segments of the spinal eord. 

Efferent parasympathetie impnlses leave the eord from 
the seeond, third, and fourth saeral segments and pass 
via the parasympathetie preganglionie nerve fibers throngh 
the pelvie splanehnie nerves and the inferior hypogastrie 
plexuses to the bladder wall, where they synapse with post- 
ganglionie nenrons. By means of this nervons pathway, the 
smooth muscle of the bladder wall (the detrusor muscle) is 
made to eontraet, and the sphineter vesieae is made to relax. 
Efferent impnlses also pass to the nrethral sphineter via the 
pndendal nerve (S2,3, and 4), and this nndergoes relaxation. 
Onee urine enters the nrethra, additional afferent impnlses 
pass to the spinal eord from the nrethra and reinforee the 
refiex aetion. Mietnrition ean be assisted by eontraetion of 
the abdominal mnseles to raise the intra-abdominal and 
pelvie pressnres and exert external pressnre on the bladder. 

In young ehildren, mietnrition is a simple refiex aet and 
takes plaee whenever the bladder beeomes distended. In the 
adult, this simple streteh refiex is inhibited by the aetivity 


The sympathetie nerves to the detrnsor mnsele are now thonght to 
have little or no aetion on the smooth mnsele of the bladder wall and 
are distribnted mainly to the blood vessels. The sympathetie nerves to 
the sphineter vesieae are thonght to play only a minor role in eansing 
eontraetion of the sphineter in maintaining nrinary eontinenee. How- 
ever, in males, the sympathetie innervation of the sphineter eanses 
aetive eontraetion of the bladder neek dnring ejaenlation (bronght 
abont by sympathetie aetion), thus preventing seminal fluid from 
entering the bladder. 



IJreterie Calculí 

Llreterie calculi are discussed on page 212. The ureter is nar- 
rovved anatomieally vvhere it bends dovvn into the pelvis at the 
pelvie brim and vvhere it passes through the bladder vvall. It is at 
these sites that urinary stones may be arrested. 

When a calculus enters the lovver pelvie part of the ureter, 
the pain is often referred to the testis and the tip of the penis in 
the male and the labium majus in the female. 


Palpatíon of the IJrínary Bladder 

The full bladder in the adult projeets up into the abdomen and 
may be palpated through the anterior abdominal vvall above the 
symphysis pubis. 

Bimanual palpation of the empty bladder vvith or vvithout a 
general anesthetie is an important method of examining the blad- 
der. In the male, one hand is plaeed on the anterior abdominal 
vvall above the symphysis pubis, and the gloved index finger of 


(continued} 
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the other hand is inserted into the rectum. From their knovvledge 
of anatomy, students ean see that the bladder vvall ean be pal- 
pated betvveen the examining fingers. In the female, an abdomi- 
novaginal examination ean be similarly made. In the ehild, the 
bladder is in a higher position than in the adult because of the 
relatively smaller size of the pelvis. 

Bladder Distention 

The normal adult bladder has a eapaeity of about 500 mL. In 
the presenee of urinary obstruction in males, the bladder may 
beeome greatly distended vvithout permanent damage to the 
bladder vvall; in such eases, it is routinely possible to drain 1000 
to 1200 mL of urine through a eatheter. 

Drinary Retention 

In adult males, urinary retention is eommonly caused by obstruc- 
tion to the urethra by a benign or malignant enlargement of the 
prostate. An acute urethritis or prostatitis ean also be respon- 
sible. Acute retention occurs much less frequently in females. 
The only anatomie cause of urinary retention in females is acute 
inflammation around the urethra (e.g., from herpes). 

Suprapubic Aspiration 

As the bladder fills, the superior vvall rises out of the pelvis 
and peels the peritoneum off the posterior surface of the ante- 
rior abdominal vvall. In eases of acute retention of urine, vvhen 
eatheterization has failed, it is possible to pass a needle into the 
bladder through the anterior abdominal vvall above the symphy- 
sis pubis, vvithout entering the peritoneal eavity. This is a simple 
method of draining offthe urine in an emergeney. 

Gystoseopy 

The mucous membrane of the bladder, the tvvo ureteric orifiees, 
and the urethral meatus ean easily be observed by means of a 
eystoseope. With the bladder distended vvith fluid, an illuminated 
tube fitted vvith lenses is introduced into the bladder through 
the urethra. Over the trigone, the mucous membrane is pink and 
smooth. If the bladder is partially emptied, the mucous mem- 
brane over the trigone remains smooth, but it is throvvn into folds 
elsevvhere. The ureteric orifiees are slitlike and ejeet a drop of 
urine at intervals of about 1 minute. The interureteric ridge and 
the uvula vesieae ean easily be reeognized. 

Bladder lnjurìes 

The bladder may rupture intraperitoneally or extraperitone- 
ally. Intraperitoneal rupture usually involves the superior vvall 
of the bladder and occurs most eommonly vvhen the bladder 
is full and has extended up into the abdomen. Llrine and blood 
eseape freely into the peritoneal eavity. Extraperitoneal rupture 
involves the anterior part of the bladder vvall belovv the level of 
the peritoneal refleetion; it most eommonly occurs in fractures of 
the pelvis vvhen bony fragments pieree the bladder vvall. Lovver 


abdominal pain and blood in the urine (hematuria) are found in 
most patients. 

In young children,the bladder is an abdominal organ, so abdomi- 
nal trauma ean injure the empty bladder. 


Dìfficulty wìth Mícturítíon after Spínal Cord lnjury 

After injuries to the spinal eord, the nervous eontrol of micturi- 
tion is disrupted. 

The normal bladder is innervated as follovvs: 


■ Sympathetie outflow is from the first and seeond lumbar seg- 
ments of the spinal eord. The sympathetie nerves (see the 
footnote on page 273) inhibit eontraetion of the detrusor mus- 
ele of the bladdervvall and stimulate closure ofthe sphineter 
vesieae. 

■ Parasympathetie outflow is from the seeond, third, and fourth 
saeral segments of the spinal eord. The parasympathetie 
nerves stimulate the eontraetion of the detrusor muscle of the 
bladder vvall and inhibitthe aetion of the sphineter vesieae. 

■ Sensory nerve fibers enter the spinal eord at the above seg- 
ments. The normal proeess of micturition is deseribed on 
page 273. 


Disruption of the proeess of micturition by spinal eord injuries 
may produce the follovving types of bladder. 

The atonie bladder occurs during the phase of spinal shoek, 
immediately after the injury, and may last for a fevv days to sev- 
eral vveeks. The bladder vvall muscle is relaxed, the sphineter 
vesieae tightly eontraeted, and the sphineter urethrae relaxed. 
The bladder beeomes greatly distended and finally overflovvs. 
Depending on the level of the eord injury, the patient either is or 
is not avvare thatthe bladder is full. 

The antomatie reflex bladder (Fig. 7.15) occurs after the 
patient has reeovered from spinal shoek, provided that the 
eord lesion lies above the level of the parasympathetie outflovv 
(S2, 3, and 4). It is the type of bladder normally found in infaney. 
The bladder fills and empties reflexly. Streteh reeeptors in the 
bladder vvall are stimulated as the bladder fills, and the afferent 
impulses pass to the spinal eord (segments S2,3, and 4). Efferent 
impulses pass dovvn to the bladder muscle, vvhieh eontraets; 
the sphineter vesieae and the urethral sphineter both relax. This 
simple reflex occurs every 1 to 4 hours. 

The autonomous bladder (see Fig. 7.15) is the eondition that 
occurs if the saeral segments of the spinal eord are destroyed. 
The saeral segments of the spinal eord are situated in the upper 
part of the lumbar region of the vertebral column (see page 704). 
The bladder is vvithout any external reflex eontrol. The blad- 
der vvall is flaeeid, and the eapaeity of the bladder is greatly 
inereased. It merely fills to eapaeity and overflovvs; continual 
dribbling is the result. The bladder may be partially emptied by 
manual eompression of the lovver part of the anterior abdominal 
vvall, but infeetion of the urine and back-pressure effeets on the 
ureters and kidneys are inevitable. 
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FIGLIRE 7.15 A. Nervous eontrol of the bladder after seetion 
of the spinal eord in the upper thoraeie region. Destruction 
of the saeral segments of the spinal eord. B.The afferent 
sensory fibers from the bladder entering the eentral nerv- 
ous system and the parasympathetie efferent fibers passing 
to the bladder are shovvn; the sympathetie fibers have been 
omitted for elarity. 

of the eerebral cortex until the time and plaee for mictu- 
rition are favorable. The inhibitory fibers pass downward 
with the eortieospinal traets to the 2nd, 3rd, and 4th saeral 
segments of the eord. Volnntary eontrol of mietnrition is 
aeeomplished by eontraeting the sphineter nrethrae, which 
eloses the nrethra; this is assisted by the sphineter vesieae, 
which eompresses the bladder neek. 

Volnntary eontrol of mietnrition is normally developed 
during the seeond or third year of life. 

Male Genital Organs 

The testes and epididymides are deseribed on page 131. 

Vas Deferens 

The vas deferens is a thick-walled tube about 18 in. 
(45 em) long that eonveys mature sperm from the 
epididymis to the ejaculatory duct and the nrethra. It arises 
from the lower end or tail of the epididymis and passes 
throngh the ingninal eanal. It emerges from the deep ingui- 
nal ring and passes around the lateral margin of the inferior 
epigastrie artery (see Fig. 7.11). It then passes downward 
and backward on the lateral wall of the pelvis and erosses 
the ureter in the region of the isehial spine. The vas deferens 
then runs medially and downward on the posterior snrfaee 


of the bladder (see Fig. 7.11). The terminal part of the vas 
deferens is dilated to form the ampulla of the vas deferens. 
The inferior end of the ampnlla narrows down and joins 
the duct of the seminal vesiele to form the ejaculatory duct. 

Seminal Vesieles 

The seminal vesieles are two lobnlated organs about 2 in. 
(5 em) long lying on the posterior snrfaee of the bladder 
(see Fig. 7.13). On the medial side of eaeh vesiele lies the 
terminal part of the vas deferens. Posteriorly, the seminal 
vesieles are related to the rectum (see Fig. 7.4). Inferiorly, 
eaeh seminal vesiele narrows and joins the vas deferens of 
the same side to form the ejaculatory duct. 

Eaeh seminal vesiele eonsists of a much-coiled tube 
embedded in eonneetive tissue. 

Blood Supply 

Arteries 

The inferior vesiele and middle reetal arteries. 

Veins 

The veins drain into the internal iliae veins. 

Lymph Drainage 

The internal iliae nodes. 

Function 

The fimetion of the seminal vesieles is to prodnee a seeretion 
that is added to the seminal fiuid. The seeretions nonrish 
the spermatozoa. During ejaenlation, the seminal vesieles 
eontraet and expel their eontents into the ejaenlatory ducts, 
thus washing the spermatozoa out of the urethra. 

Ej aculatory Ducts 

The two ejaculatory ducts are eaeh <1 in. (2.5 em) long and 
are formed by the union of the vas deferens and the duct of 
the seminal vesiele (Fig. 7.16). The ejaenlatory ducts pieree 
the posterior surface of the prostate and open into the pro- 
statie part of the nrethra, elose to the margins of the pros- 
tatie ntriele; their fimetion is to drain the seminal fiuid into 
the prostatie nrethra. 

Prostate 

Loeation and Deseription 

The prostate is a fibromuscular glandular organ that sur- 
rounds the prostatie nrethra (see Figs. 7.4 and 7.16). It is about 
1.25 in. (3 em) long and lies between the neek of the bladder 
above and the nrogenital diaphragm below (see Fig. 7.16). 

The prostate is surrounded by a fibrons eapsnle (see 
Fig. 7.16). The somewhat eonieal prostate has a base, which 
lies against the bladder neek above, and an apex, which lies 
against the nrogenital diaphragm below. The two ejaenla- 
tory ducts pieree the upper part of the posterior surface of 
the prostate to open into the prostatie nrethra at the lateral 
margins of the prostatie ntriele (see Fig. 7.16). 

Relations 

■ Superiorly: The base of the prostate is continuous with 
the neek of the bladder, the smooth muscle passing 
without interruption from one organ to the other. The 
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FIGURE7.16 Prostate in eoronal seetion (A), sagittal seetion (B), and horizontal seetion (C). In the eoronal seetion, note the 
openings of the ejaculatory ducts on the margin of the prostatie utricle. 


urethra enters the eenter of the base of the prostate (see 
Fig. 7.4). 

■ Inferiorly: The apex of the prostate lies on the upper 
surface of the urogenital diaphragm. The nrethra leaves 
the prostate just above the apex on the anterior snrfaee 
(see Fig. 7.16). 

■ Anteriorly: The prostate is related to the symphysis 
pubis, separated from it by the extraperitoneal fat in the 
retropnbie spaee (eave of Retzins). The prostate is eon- 
neeted to the posterior aspeet of the pubic bones by the 
faseial pnboprostatie ligaments (see Fig. 7.4). 

■ Posteriorly: The prostate (see Figs. 7.4 and 7.16) is 
elosely related to the anterior snrfaee of the reetal 
ampnlla and is separated from it by the reetovesieal sep- 


tum (faseia of Denonvilliers). This septum is formed 
in fetal life by the fnsion of the walls of the lower end of 
the reetovesieal pouch of peritoneum, which originally 
extended down to the perineal body. 

■ Laterally: The prostate is embraeed by the anterior fib- 
ers of the levator ani as they run posteriorly from the 
pubis (see Fig. 7.16). 

Structure of the Prostate 

The numerous glands of the prostate are embedded in a 
mixture of smooth muscle and eonneetive tissue, and their 
ducts open into the prostatie nrethra. 

The prostate is ineompletely divided into five lobes (see 
Fig. 7.16). The anterior lobe lies in front of the nrethra and 
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is devoid of glandular tissue. The median, or middle, lobe 
is the wedge of gland sitnated between the nrethra and the 
ejaenlatory ducts. Its upper surface is related to the trigone of 
the bladder; it is rieh in glands. The posterior lobe is sitnated 
behind the nrethra and below the ejaenlatory ducts and also 
eontains glandnlar tissue. The right and left lateral lobes 
lie on either side of the nrethra and are separated from one 
another by a shallow vertieal groove on the posterior snrfaee 
of the prostate. The lateral lobes eontain many glands. 

Function of the Prostate 

The prostate prodnees a thin, milky finid eontaining eitrie 
aeid and aeid phosphatase that is added to the seminal finid 
at the time of ejaenlation. The smooth muscle, which sur- 
rounds the glands, squeezes the seeretion into the prostatie 
nrethra. The prostatie seeretion is alkaline and helps neu- 
tralize the aeidity in the vagina. 

Blood Supply 

Arteries 

Branehes of the inferior vesieal and middle reetal arteries. 

Veins 

The veins form the prostatie venous plexus, which lies out- 
side the capsule of the prostate (see Fig. 7.16). The prostatie 
plexus reeeives the deep dorsal vein of the penis and numer- 
ous vesieal veins and drains into the internal iliae veins. 



urethra 


FIGURE 7.17 Sagittal seetion of a prostate that had under- 
gone benign enlargement of the median lobe. Note the blad- 
der pouch filled with stagnant urine behind the prostate. 

Lymph Drainage 

Internal iliae nodes. 

Nerve Supply 

Inferior hypogastrie plexuses. The sympathetie nerves stim- 
ulate the smooth muscle of the prostate during ejaenlation. 



Prostate Examínatíon 

The prostate ean be examined elinieally by palpation by perform- 
ing a reetal examination (see page 311). The examiner's gloved 
finger ean feel the posterior surface of the prostate through the 
anterior reetal wall. 


Prostate Aetívity and Dìsease 

It is now generally believed thatthe normal glandular aetivity of 
the prostate is eontrolled by the androgens and estrogens eir- 
culating in the bloodstream. The seeretions of the prostate are 
poured into the urethra during ejaculation and are added to the 
seminal fluid. Aeid phosphatase is an important enzyme pres- 
ent in the seeretion in large amounts. When the glandular eells 
producing this enzyme eannot diseharge their seeretion into the 
ducts, as in eareinoma of the prostate, the serum aeid phospha- 
tase level of the blood rises. 

It has been shown that traee amounts of proteins produced 
speeifieally by prostatie epithelial eells are found in peripheral 
blood. In eertain prostatie diseases, notably eaneer of the pros- 
tate, this protein appears in the blood in inereased amounts. The 
speeifie protein level ean be measured by a simple laboratory 
test ealled the PSAtest. 

Benign Enlargement of the Prostate 

Benign enlargement of the prostate is eommon in men older 
than 50 years. The cause is possibly an imbalanee in the 
hormonal eontrol of the gland. The median lobe of the gland 
enlarges upward and eneroaehes within the sphineter vesi- 



eae, loeated at the neek of the bladder. The leakage of urine 
into the prostatie urethra causes an intense reflex desire to 
micturate. The enlargement of the median and lateral lobes of 
the gland produces elongation and lateral eompression and 
distortion of the urethra so that the patient experiences diffi- 
culty in passing urine and the stream is weak. Back-pressure 
effeets on the ureters and both kidneys are a eommon eom- 
plieation. The enlargement of the uvula vesieae (owing to the 
enlarged median lobe) results in the formation of a pouch of 
stagnant urine behind the urethral orifiee within the bladder 
(Fig. 7.17). The stagnant urine frequently beeomes infeeted, 
and the inflamed bladder (eystitis) adds to the patient's 
symptoms. 

In all operations on the prostate, the surgeon regards the 
prostatie venous plexus with respeet. The veins have thin walls, 
are valveless, and are drained by several large trunks direetly 
into the internal iliae veins. Damage to these veins ean result in 
a severe hemorrhage. 

Prostate Ganeer and the Prostatie Venons Plexus 

Many eonneetions between the prostatie venous plexus and the 
vertebral veins exist. During coughing and sneezing or abdomi- 
nal straining, it is possible for prostatie venous blood to flow in a 
reverse direetion and enter the vertebral veins. This explains the 
frequent occurrence of skeletal metastases in the lower verte- 
bral column and pelvie bones of patients with eareinoma of the 
prostate. Ganeer eells enter the skull via this route by floating up 
the valveless prostatie and vertebral veins. 
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Prostatie IJrethra 

The prostatie urethra is about 1.25 in. (3 em) long and 
begins at the neek of the bladder. It passes throngh the pros- 
tate from the base to the apex, where it beeomes continuous 
with the membranous part of the urethra (see Fig. 7.16). 

The prostatie urethra is the widest and most dilatable 
portion of the entire urethra. On the posterior wall is a 
longitndinal ridge ealled the urethral erest (see Fig. 7.16). 
On eaeh side of this ridge is a groove ealled the prostatie 
sinus; the prostatie glands open into these grooves. On 
the summit of the urethral erest is a depression, the pro- 
statie utricle, which is an analog of the uterus and vagina 
in females. On the edge of the mouth of the utricle are the 
openings of the two ejaenlatory ducts (see Fig. 7.16). 

Viseeral Pelvie Faseia 

The viseeral pelvie faseia is a layer of eonneetive tissue that 
eovers and snpports the pelvie viseera (see Fig.7.16). 

Peritoneum 

The peritonenm is best nnderstood by traeing it around the 
pelvis in a sagittal plane (see Fig. 7.4). 

The peritonenm passes down from the anterior abdomi- 
nal wall onto the upper surface of the urinary bladder. It 
then runs down on the posterior snrfaee of the bladder for 
a short distanee until it reaehes the upper ends of the semi- 
nal vesieles. Here, it sweeps backward to reaeh the anterior 
aspeet of the rectum, forming the shallow reetovesieal 
pouch. The peritonenm then passes up on the front of 


the middle third of the rectum and the front and lateral 
snrfaees of the upper third of the rectum. It then beeomes 
continuous with the parietal peritoneum on the posterior 
abdominal wall. It is thus seen that the lowest part of the 
abdominopelvie peritoneal eavity, when the patient is in 
the ereet position, is the reetovesieal pouch (see Fig. 7.4). 

The peritoneum eovering the snperior snrfaee of the 
bladder passes laterally to the lateral pelvie walls and does 
not eover the lateral snrfaees of the bladder. It is important 
to remember that as the bladder fills, the snperior wall rises 
up into the abdomen and peels off the peritonenm from 
the anterior abdominal wall so that the bladder beeomes 
direetly in eontaet with the abdominal wall. 

PeMe Viseera in the Female 

The rectum, sigmoid eolon, and terminal eoils of ileum 
occupy the posterior part of the pelvie eavity (see Fig. 7.5), 
as deseribed previously. The eontents of the anterior part of 
the pelvie eavity in the female are deseribed in the following 
seetions. 

IJreters 

The ureter erosses over the pelvie inlet in front of the bifiir- 
eation of the eommon iliae artery (Fig. 7.18). It runs down- 
ward and backward in front of the internal iliae artery and 
behind the ovary until it reaehes the region of the isehial 
spine. It then turns forward and medially beneath the base 
of the broad ligament, where it is erossed by the nterine 
artery (Figs. 7.18 and 7.19). The ureter then runs forward, 
lateral to the lateral fornix of the vagina, to enter the bladder. 
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FIGURE7.18 Right half of the pelvis shovving the ovary, the uterine tube, and the vagina. 
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FIGLIRE 7.19 A. Goronal seetion of the pelvis shovving the uterus, broad ligaments, and right ovary on posterior vievv. The left 
ovary and part of the left uterine tube have been removed for elarity. B. Uterus on lateral vievv. Note the structures that lie 
vvithin the broad ligament. Note that the uterus has been retroverted into the plane of the vaginal lumen in both diagrams. 


Urinary Bladder 

As in the male, the nrinary bladder is sitnated immedi- 
ately behind the pnbie bones (see Fig. 7.5). Beeanse of the 
absenee of the prostate, the bladder lies at a lower level than 
in the male pelvis, and the neek rests direetly on the npper 
snrfaee of the nrogenital diaphragm. The elose relation of 
the bladder to the nterns and the vagina is of eonsiderable 
elinieal importanee (see Fig. 7.5). 

The apex of the bladder lies behind the symphysis pnbis 
(see Fig. 7.5). The base, or posterior surface, is separated 
by the vagina from the reetnm. The superior surface is 
related to the nterovesieal poneh of peritonenm and to the 
body of the nterns. The inferolateral surfaces are related 
in front to the retropubic pad of fat and the pnbie bones. 
More posteriorly, they lie in eontaet with the obtnrator 
internns mnsele above and the levator ani mnsele below. 
The neek of the bladder rests on the npper snrfaee of the 
nrogenital diaphragm. 


The general shape and strnetnre of the bladder; its blood 
snpply, lymph drainage, and nerve snpply; and the proeess 
of mietnrition are identieal to those in the male. 

Female Genital Organs 

Ovary 

Loeation and Deseription 

Eaeh ovaryis ovalshaped,measuring 1.5 X 0.75 in. (4 X 2 em), 
and is attaehed to the baek of the broad ligament by the 
mesovarium (see Fig. 7.19). 

That part of the broad ligament extending between the 
attaehment of the mesovarium and the lateral wall of the pelvis 
is ealled the suspensory ligament of the ovary (see Fig. 7.19). 

The rornid ligament of the ovary, which represents the 
remains of the upper part of the gubernaculum, eonneets the 
lateral margin of the uterus to the ovary (see Figs. 7.18 and 7.19). 



Stress ineontìnenee 

The bladder is normally supported by the viseeral pelvie fas- 
eia, vvhieh in eertain areas is eondensed to form ligaments. 
Hovvever, the most important support for the bladder is the 
tone of the levatores ani muscles. In the female, a difficult 
labor, espeeially one in vvhieh foreeps is used, excessively 
stretehes the supports of the bladder neek, and the normal 
angle betvveen the urethra and the posterior vvall of the blad- 
der is lost. This injury causes stress ineontinenee, a eondition 
of partial urinary ineontinenee occurring vvhen the patient 


coughs or strains or laughs excessively. It has been deter- 
mined that obese vvomen have tvviee the ineidenee of ineonti- 
nenee than lean vvomen. The treatment of stress ineontinenee 
is direeted to supporting the urethra so that the normal angle 
of the bladder and the urethra is restored. This may be aeeom- 
plished vvith some success by the introduction of a pessary 
into the vagina that raises the upper end of the urethra. A 
more satisfaetory permanent result may be aehieved by rais- 
ing the urethra and the bladder neek surgically by sutures or 
by a faseial sling or artifieial tape. 
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Development of the Bladder ìn Both Sexes 

The division of the eloaea into anterior and posterior parts by 
the development of the nroreetal septnm is deseribed on page 
268. The posterior portion forms the anoreetal eanal (Fig. 7.20). 
The entranee of the distal ends of the mesonephrie ducts into 
the anterior part of the eloaea on eaeh side permits one, for 
purposes of deseription, to divide the anterior part of the elo- 
aea into an area above the duct entranees ealled the primitive 
bladder and another area belovv ealled the nrogenital sinns. 

The caudal ends of the mesonephrie ducts now beeome 
absorbed into the lower part of the bladder so that the ure- 
ters and ducts have individual openings in the dorsal wall (see 
Fig. 7.20). With differential growth of the dorsal bladder wall, the 
ureters eome to open through the lateral angles of the bladder, 
and the mesonephrie ducts open elose together in what will be 
the urethra. That part of the dorsal bladder wall marked off by 
the openings of these four ducts forms the trigone of the blad- 
der (Fig. 7.21). Thus, it is seen that in the earliest stages the lin- 
ing of the bladder overthe trigone is mesodermal in origin; later, 
this mesodermal tissue is thoughtto be replaeed by epithelium 
of entodermal origin. The smooth muscle of the bladder wall is 
derived from the splanchnopleuric mesoderm. 

The primitive bladder may now be divided into an upper 
dilated portion, the bladder, and a lower narrow portion, the 
nrethra (see Fig. 7.20). The apex of the bladder is continuous 
with the allantois, which now beeomes obliterated and forms a 
fibrous eore, the nraehns. The urachus persists throughout life 
as a ligamentthat runs from the apex of the bladder to the umbi- 
licus and is ealled the median nmbilieal ligament. 


Gongenital Anomalies of the Bladder 

Exstrophy ofthe Bladder (Eetopia Vesieae) 

Exstrophy of the bladder occurs three times more eommonly 
in males than in females. The posterior bladder wall protrudes 
through a defeet in the anterior abdominal wall below the 
umbilicus (Fig. 7.22). The eondition is caused by a failure of the 


embryonie mesenehyme to invade the embryonie dise caudal to 
the eloaeal membrane (see Fig. 7.22). The absenee of intervening 
mesenehyme between the eetoderm and entoderm produces an 
unstable state, which is followed by breakdown of this area. 

Because of the urinary ineontinenee and almost eertain 
occurrence of aseending urinary infeetion, surgical reconstruc- 
tion of the bladder is attempted. 


Fate of the Mesonephrìe Duct ìn Both Sexes 

In both sexes, the mesonephrie (or Wolffian) duct gives origin on 
eaeh side to the ureteric bud, which forms the ureter, the pelvis 
of the ureter, the major and minor ealyees, and the eolleeting 
tubules of the kidney (see page 212). Its inferior end is absorbed 
into the developing bladder and forms the trigone and part of the 
urethra. 

In the male, its upper or eranial end is joined to the develop- 
ing testis by the efferent ductules of the testis, and so it beeomes 
the duct of the epididymis, the vas deferens, and the ejaenlatory 
duct. From the latter, a small diverticulum arises that forms the 
seminal vesiele (see Fig. 4.26). 

In the female, the mesonephrie duct largely disappears. Only 
small remnants persist—as the duct of the epoophoron and the 
duct of the paroòphoron. The caudal end may persist and extend 
from the epoophoron to the hymen as Gartner's duct. 


Development of the Drethra 

In the male, the prostatie nrethra is formed from two sources. 
The proximal part, as far as the openings of the ejaculatory 
ducts, is derived from the mesonephrie ducts. The distal part 
of the prostatie urethra is formed from the urogenital sinus (see 
Fig. 7.21). The membranons nrethra and the greater part of the 
penile nrethra also are formed from the urogenital sinus. The 
distal end of the penile urethra is derived from an ingrowth of 
eetodermal eells on the glans penis. 

In the female, the upper two thirds of the urethra are derived 
from the mesonephrie ducts. The lower end of the urethra is 
formed from the urogenital sinus (see Fig. 7.21). 


The ovary usually lies against the lateral wall of the pelvis 
in a depression ealled the ovarian fossa, bonnded by the 
external iliae vessels above and by the internal iliae vessels 
behind (see Fig. 7.18). The position of the ovary is, however, 
extremely variable, and it is often found hanging down in 
the reetonterine pouch (pouch of Douglas). During preg- 
naney, the enlarging uterus pulls the ovary up into the 
abdominal eavity. Aft er ehildbirth, when the broad ligament 
is lax, the ovary takes up a variable position in the pelvis. 

The ovaries are surrounded by a thin fibrons eapsnle, 
the tunica albuginea. This eapsnle is eovered externally 
by a modified area of peritonenm ealled the germinal 
epithelinm. The term germinal epithelinm is a misnomer 
beeanse the layer does not give rise to ova. Oogonia develop 
before birth from primordial germ eells. 

Before pnberty, the ovary is smooth, but after puberty, 
the ovary beeomes progressively searred as successive 


eorpora lutea degenerate. After menopanse, the ovary 
beeomes shrnnken and its snrfaee is pitted with sears. 

Function 

The ovaries are the organs responsible for the prodnetion 
of the female germ eells, the ova, and the female sex hor- 
mones, estrogen and progesterone, in the sexually mature 
female. 

Blood Supply 

Arteries 

The ovarian artery arises from the abdominal aorta at the 
level of the Ist lumbar vertebra. 

Veins 

The ovarian vein drains into the inferior vena eava on the 
right side and into the left renal vein on the left side. 
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FIGLIRE 7.20 Formation of the urinary bladder from the anterior part of the eloaea and the terminal parts of the mesonephrie 
ducts in both sexes.The mesonephrie ducts and the ureteric buds are dravvn into the developing bladder. 



FIGLIRE 7.21 Parts of the bladder and urethra derived from the mesonephrie ducts in both sexes (hateh marks). The lovver 
end of the urethra in the female and the lovver part of the prostatie urethra in the male are formed from the urogenital sinus. 


Lymph Drainage 

The lymph vessels of the ovary follow the ovarian artery 
and drain into the para-aortie nodes at the level of the Ist 
Inmbar vertebra. 

Nerve Supply 

The nerve snpply to the ovary is derived from the aortie 
plexus and aeeompanies the ovarian artery. 


The blood supply, lymph drainage, and nerve supply of 
the ovary pass over the pelvie inlet and eross the external 
iliae vessels (see Fig. 7.19). They reaeh the ovary by pass- 
ing throngh the lateral end of the broad ligament, the part 
known as the snspensory ligament of the ovary. The ves- 
sels and nerves finally enter the hilum of the ovary via the 
mesovarium. (Gompare the blood supply and the lymph 
drainage of the ovary with those of the testis.) 
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FIGLIRE 7.22 A. Exstrophy of the bladder. B. Dorsal view of the ennbryonie dise. The nornnal path taken by the growing embry- 
onie mesenehyme in the region of the eloaea is shown. C. Fetus as seen from the side.The head and tail folds have devel- 
oped, but the mesenehyme has failed to enter the ventral body wall between the eloaea and the umbilical eord. 



Posìtìon of the Ovary 

The ovary is kept in position by the broad ligament and the mes- 
ovariom. After pregnaney, the broad ligament is lax, and the 
ovaries may prolapse into the reetooterine pouch (pouch of 
Douglas). In these circumstances, the ovary may be tender and 
cause diseomfort on sexual intercourse (dysparennia). An ovary 
situated in the rectouterine pouch may be palpated through the 
posterior fornix of the vagina. 


Gysts of the Ovary 

Follicular eysts are eommon and originate in unruptured graafian 
follieles; they rarely exceed 0.6 in. (1.5 em) in diameter. Lnteal 
eysts are formed in the corpus luteum. Fluid is retained, and 
the corpus luteum eannot beeome fibrosed. Luteal eysts rarely 
exceed 1.2 in. (3 em) in diameter. 




E M B R Y 0 L 0 G I e N 0 T E S 


Development of the Ovary 

The female sex ehromosome causes the genital ridge on the 
posterior abdominal wall to seerete estrogens. The presenee of 
estrogen and the absenee of testosterone induce the develop- 
ment of the ovary and the other female genital organs. 

The sex eords eontained within the genital ridges eon- 
tain groups of primordial germ eells. These beeome broken up 
into irregular eell clusters by the proliferating mesenehyme 
(Fig. 7.23). The germ eells differentiate into oogonia, and by the 
third month, they start to undergo a number of mitotie divisions 
within the cortex of the ovary to form primary ooeytes. These 
primary ooeytes beeome surrounded by a single layer of eells 
derived from the sex eords, ealled the grannlosa eells. Thus, pri- 
mordial follieles have been formed, but later, many degenerate. 



The mesenehyme that surrounds the follieles provides the 
ovarian stroma. The relationship of the ovary to the developing 
uterine tube is shown in Figure 7.24. 


Ovarian Dysgenesis 

Gomplete failure of both ovaries to develop is found in Turner's 
syndrome. The elassie features of this syndrome are webbed 
neek, short stoeky build, inereased earrying angle of the elbows, 
laek of seeondary sex eharaeteristies, and amenorrhea. 


imperfeet Deseent of the Ovary 

The ovary may fail to deseend into the pelvis or very rarely may 
be drawn downward with the round ligament of the uterus into 
the inguinal eanal or even into the labium majus. 

___ J 
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FIGURE 7.23 Formation of the ovary and its relationship to the mesonephrie and paramesonephrie ducts 
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FIGURE 7.24 The deseent of the ovary and its relationship to the developing uterine tube and uterus. 
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FIGURE 7.25 A. Different parts of the uterine tube and the uterus. B. External os of the cervix: (above) nulliparous; (belovv) 
parous. e. Anteverted position of the uterus. D. Anteverted and anteflexed position of the uterus. 


Uterine Tube 

Loeation and Deserìptìon 

The two uterine tubes are eaeh about 4 in. (10 em) long and 
lie in the upper border of the broad ligament (see Figs. 7.18 
and 7.19). Eaeh eonneets the peritoneal eavity in the region 
of the ovary with the eavity of the uterus. The uterine tube 
is divided into four parts: 

1. The infundibulum is the hmnel-shaped lateral end that 
projeets beyond the broad ligament and overlies the 
ovary. The free edge of the fnnnel has several fingerlike 
proeesses, known as fimbriae, which are draped over the 
ovary (see Figs. 7.19 and 7.25). 

2. The ampulla is the widest part of the tube (see Fig. 7.25). 

3. The isthmus is the narrowest part of the tube and lies 
just lateral to the uterus (see Fig. 7.25). 

4. The intramural part is the segment that pierees the 
nterine wall (see Fig. 7.25). 

Function 

The nterine tube reeeives the ovum from the ovary and pro- 
vides a site where fertilization of the ovum ean take plaee 
(usually in the ampnlla). It provides nonrishment for the 


fertilized ovum and transports it to the eavity of the uterus. 
The tube serves as a conduit along which the spermatozoa 
travel to reaeh the ovum. 

Blood Supply 

Arteries 

The uterine artery from the internal iliae artery and the 
ovarian artery from the abdominal aorta (see Fig. 7.25). 

Veins 

The veins eorrespond to the arteries. 

Lymph Drainage 

The internal iliae and para-aortie nodes. 

Nerve Supply 

Sympathetie and parasympathetie nerves from the inferior 
hypogastrie plexuses. 

Uterus 

Loeation and Deserìptìon 

The uterus is a hollow, pear-shaped organ with thiek mus- 
cular walls. In the young nulliparous adult, it measures 3 in. 
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The IJterìne Tube as a Conduìt for Infeetìon 

The uterine tube lies in the upper free border of the broad liga- 
ment and is a direet route of communication from the vulva 
through the vagina and uterine eavity to the peritoneal eavity. 

Pelvìe Inflammatory Dìsease 

The pathogenie organism(s) enterthe body through sexual eon- 
taet and aseend through the uterus and enter the uterine tubes. 
Salpingitis may follovv, with leakage of pus into the peritoneal 
eavity, causing pelvie peritonitis. A pelvie abseess usually fol- 
lows, orthe infeetion spreads farther, causing general peritonitis. 


Eetopie Pregnaney 

Implantation and growth of a fertilized ovum may occur outside 
the uterine eavity in the wall of the uterine tube (Fig. 7.26). This 
is a variety of eetopie pregnaney. There being no decidua for- 
mation in the tube, the eroding aetion of the trophoblast quickly 
destroys the wall of the tube. Tubal abortion or rupture of the 




tube, with the effusion of a large quantity of blood into the 
peritoneal eavity, is the eommon result. 

The blood pours down into the rectouterine pouch (pouch of 
Douglas) or into the uterovesical pouch. The blood may quickly 
aseend into the general peritoneal eavity, giving rise to severe 
abdominal pain,tenderness, and guarding. Irritation of the subdi- 
aphragmatie peritoneum (supplied by phrenie nerves C3,4, and 5) 
may give rise to referred pain to the shoulder skin (supraclavicu- 
lar nerves C3 and 4). 


Tubal Ligatìon 

Ligation and division of the uterine tubes is a method of obtain- 
ing permanent birth eontrol and is usually restrieted to women 
who already have ehildren. The ova that are diseharged from the 
ovarian follieles degenerate in the tube proximal to the obstruc- 
tion. If, later, the woman wishes to have an additional ehild, res- 
toration of the continuity of the uterine tubes ean be attempted, 
and, in about 20% of women, fertilization occurs. 





E M B R Y 0 L 0 G I e N 0 T E S 


Development of tbe Dterine Tube 

Early on in development, the paramesonepbrie ducts appear 
on the posterior abdominal wall on the lateral side of the 
mesonephros. The uterine tube on eaeh side is formed from 
the eranial vertieal and middle horizontal parts of the parame- 
sonephrie duct (Fig. 7.27). The tube elongates and beeomes 
eoiled; differentiation of the muscle and mucous membrane 
takes plaee; the fimbriae develop; and the infundibulum, 
ampulla, and istbmus are identifiable. 

V___ J 

(8 em) long, 2 in. (5 em) wide, and 1 in. (2.5 em) thiek. It 
is divided into the fnndns, body, and cervix (see Fig. 7.25). 

The fundus is the part of the nterns that lies above the 
entranee of the nterine tnbes. 

The body is the part of the nterns that lies below the 
entranee of the nterine tnbes. 

The cervix is the narrow part of the nterns. It pierees the 
anterior wall of the vagina and is divided into the suprav- 
aginal and vaginal parts of the cervix. 

The eavity of the nterine body is triangnlar in eoronal 
seetion, but it is merely a eleft in the sagittal plane (see Fig. 
7.25). The eavity of the cervix, the eervieal eanal, commu- 
nieates with the eavity of the body throngh the internal os 
and with that of the vagina throngh the external os. Before 
the birth of the first ehild, the external os is eirenlar. In a 
parous woman, the vaginal part of the cervix is larger, and 
the external os beeomes a transverse slit so that it possesses 
an anterior lip and a posterior lip (see Fig. 7.25). 

Relations 

■ Anteriorly: The body of the uterus is related anteriorly 
to the nterovesieal pouch and the snperior snrfaee of the 


bladder (see Fig. 7.5). The snpravaginal cervix is related 
to the snperior snrfaee of the bladder. The vaginal cervix 
is related to the anterior fornix of the vagina. 

■ Posteriorly: The body of the uterus is related posteriorly 
to the rectouterine pouch (pouch of Douglas) with eoils 
of ileum or sigmoid eolon within it (see Fig. 7.5). 

■ Laterally: The body of the uterus is related laterally to 
the broad ligament and the nterine artery and vein (see 
Fig. 7.19). The snpravaginal cervix is related to the ureter 
as it passes forward to enter the bladder. The vaginal eer- 
vix is related to the lateral fornix of the vagina. The uter- 
ine tubes enter the snperolateral angles of the uterus, 
and the round ligaments of the ovary and of the uterus 
are attaehed to the uterine wall just below this level. 

Function 

The uterus serves as a site for the reeeption, retention, and 
nntrition of the fertilized ovum. 

Positions of the Lltems 

In most women, the long axis of the uterus is bent forward 
on the long axis of the vagina. This position is referred to 
as anteversion of the nterns (see Fig. 7.25). Fnrthermore, 
the long axis of the body of the uterus is bent forward at the 
level of the internal os with the long axis of the cervix. This 
position is termed anteflexion of the nterns (see Fig. 7.25). 
Thus, in the ereet position and with the bladder empty, the 
uterus lies in an almost horizontal plane. 

In some women, the fundus and body of the uterus are 
bent backward on the vagina so that they lie in the ree- 
tonterine pouch (pouch of Douglas). In this sitnation, the 
uterus is said to be retroverted. If the body of the uterus 
is, in addition, bent backward on the cervix, it is said to be 
retroflexed. 

Structure of the Uterus 

The uterus is eovered with peritoneum except anteriorly, 
below the level of the internal os, where the peritonenm 
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thin-walled uterine tube 



FIGURE 7.26 An eetopie pregnaney loeated vvhere the ampylla of the uterine tube narrovvs dovvn to join the isthmus. Note 
the thin tubal vvall eompared to the thiek decidua that lines the body of the uterus. 
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FIGURE 7.27 The relationship of the mesonephrie and paramesonephrie ducts to the developing ovary. A. Gross seetion of a 
developing ovary. B. Anterior vievv of ovaries and ducts. C and D. Mesonephrie and paramesonephrie ducts in a eross seetion 
of the pelvis. Note the developing broad ligament. 
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passes forward onto the bladder. Laterally, there is also a 
spaee between the attaehment of the layers of the broad 
ligament. 

The muscular wall, or myometrium, is thiek and made 
up of smooth muscle supported by eonneetive tissue. 

The mucous membrane lining the body of the uterus is 
known as the endometrium. It is continuous above with 
the mucous membrane lining the nterine tubes and below 
with the mucous membrane lining the cervix. The endo- 
metrinm is applied direetly to the muscle, there being no 
submucosa. From puberty to menopause, the endome- 
trium undergoes extensive ehanges during the menstrnal 
eyele in response to the ovarian hormones. 

The snpravaginal part of the cervix is surrounded by vis- 
eeral pelvie faseia, which is referred to as the parametrium. 
It is in this faseia that the nterine artery erosses the ureter 
on eaeh side of the cervix. 

Blood Supply 

Arteries 

The arterial supply to the uterus is mainly from the uter- 
ine artery, a braneh of the internal iliae artery. It reaehes 
the uterus by running medially in the base of the broad 
ligament (see Fig. 7.19). It erosses above the ureter at right 
angles and reaehes the cervix at the level of the internal os 
(see Fig. 7.25). The artery then aseends along the lateral 
margin of the uterus within the broad ligament and ends 
by anastomosing with the ovarian artery, which also assists 
in snpplying the uterus. The uterine artery gives off a small 
deseending braneh that snpplies the cervix and the vagina. 


Veins 

The nterine vein follows the artery and drains into the 
internal iliae vein. 

Lymph Drainage 

The lymph vessels from the fundus of the uterus aeeom- 
pany the ovarian artery and drain into the para-aortie 
nodes at the level of the first lumbar vertebra. The vessels 
from the body and cervix drain into the internal and exter- 
nal iliae lymph nodes. A few lymph vessels follow the round 
ligament of the uterus through the inguinal eanal and drain 
into the snperfieial ingninal lymph nodes. 

Nerve Supply 

Sympathetie and parasympathetie nerves from branehes of 
the inferior hypogastrie plexuses. 

Supports of the Uterus 

The uterus is supported mainly by the tone of the levatores 
ani mnseles and the eondensations of pelvie faseia, which 
form three important ligaments. 

The Levatores Ani Muscles and the Perineal Body 

The origin and the insertion of the levatores ani mnseles are 
deseribed in Ghapter 6. They form a broad muscular sheet 
stretehing aeross the pelvie eavity, and, together with the pel- 
vie faseia on their upper surface, they effeetively support the 
pelvie viseera and resist the intra-abdominal pressnre trans- 
mitted downward throngh the pelvis. The medial edges of 
the anterior parts of the levatores ani mnseles are attaehed to 
the cervix of the uterus by the pelvie faseia (Fig. 7.28). 
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FIGIJRE 7.28 Goronal seetion of the pelvis shovving relation of the levatores ani muscles and the transverse eervieal liga 
ments to the uterus and vagina. Note that the transverse eervieal ligaments are formed from a eondensation of viseeral 
pelvie faseia. 
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Some of the fibers of levator ani are inserted into a 
fibromnsenlar strnetnre ealled the perineal body (see 
Fig. 7.5). This strnetnre is important in maintaining the 
integrity of the pelvie fioor; if the perineal body is damaged 
dnring ehildbirth, prolapse of the pelvie viseera may oeenr. 
The perineal body lies in the perinenm between the vagina 
and the anal eanal. It is slnng up to the pelvie walls by the 
levatores ani and thus supports the vagina and, indireetly, 
the uterus. 

TheTransverse Cervicab Pubocervicab and 
Saeroeervieal Ligannents 

These three ligaments are snbperitoneal eondensations of 
pelvie faseia on the upper surface of the levatores ani mus- 
eles. They are attaehed to the cervix and the vault of the 
vagina and play an important part in snpporting the uterus 
and keeping the cervix in its eorreet position (Figs. 7.28 
and 7.29). 

Transverse Gervieal (Gardinal) Ligaments Transverse 
eervieal ligaments are fibromuscular eondensations of pel- 
vie faseia that pass to the cervix and the upper end of the 
vagina from the lateral walls of the pelvis. 

Pnboeervieal Ligaments The pnboeervieal ligaments eon- 
sist of two firm bands of eonneetive tissue that pass to the 
cervix from the posterior surface of the pubis. They are 
positioned on either side of the neek of the bladder, to 
which they give some snpport (pnbovesieal ligaments). 
Saeroeervieal Ligaments The saeroeervieal ligaments eon- 
sist of two firm fibromuscular bands of pelvie faseia that 
pass to the cervix and the upper end of the vagina from 
the lower end of the saernm. They form two ridges, one on 
either side of the reetonterine pouch (pouch of Douglas). 

The broad ligaments and the round ligaments of the 
uterus are lax structures, and the uterus ean be pulled up 
or pushed down for a eonsiderable distanee before they 
beeome taut. Glinieally, they are eonsidered to play a minor 
role in snpporting the uterus. 

The ronnd ligament of the nterns, which represents the 
remains of the lower half of the gubernaculum, extends 
between the snperolateral angle of the uterus, through 
the deep inguinal ring and ingninal eanal, to the sub- 
cutaneous tissue of the labium majus (see Fig. 7.18). It 
helps keep the uterus anteverted (tilted forward) and 


anteflexed (bent forward) but is eonsiderably stretehed 
during pregnaney. 

Uterus in the Child 

The fundus and body of the uterus remain small until 
pnberty, when they enlarge greatly in response to the estro- 
gens seereted by the ovaries. 

Uterus after Menopause 

After menopanse, the uterus atrophies and beeomes smaller 
and less vasenlar. These ehanges occur because the ovaries 
no longer prodnee estrogens and progesterone. 

Uterus in Pregnaney 

During pregnaney, the uterus beeomes greatly enlarged as a 
result of the inereasing prodnetion of estrogens and proges- 
terone, first by the corpus luteum of the ovary and later by the 
plaeenta. At first, it remains as a pelvie organ, but by the third 
month the fundus rises out of the pelvis, and by the ninth 
month it has reaehed the xiphoid proeess. The inerease in size 
is largely a result of hypertrophy of the smooth muscle fibers 
of the myometrium, although some hyperplasia takes plaee. 

Role of the Uterus in Labor 

Labor, or parturition, is the series of proeesses by which the 
baby, the fetal membranes, and the plaeenta are expelled 
from the genital traet of the mother. Normally, this proeess 
takes plaee at the end of the lOth lunar month, at which 
time the pregnaney is said to be at term. 

The cause of the onset of labor is not definitely known. 
By the end of pregnaney, the eontraetility of the uterus has 
been fully developed in response to estrogen, and it is par- 
tienlarly sensitive to the aetions of oxytocin at this time. It 
is possible that the onset of labor is triggered by the sudden 
withdrawal of progesterone. Onee the presenting part (usu- 
ally the fetal head) starts to streteh the cervix, it is thought 
that a nervous refiex meehanism is initiated and inereases 
the foree of the eontraetions of the nterine body. 

The nterine muscular aetivity is largely independent of 
the extrinsic innervation. In women in labor, spinal anes- 
thesia does not interfere with the normal nterine eontrae- 
tions. Severe emotional distnrbanee, however, ean cause 
premature parturition. 
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FIGURE 7.29 Ligamentous supports of uterus. A. As seen from belovv. B. Lateral vievv. These ligaments are formed from 
viseeral pelvie faseia. 
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Bimanual Pelvíe Examínatíon of the Uterus 

A great deal of useful elinieal information ean be obtained 
about the state of the uterus, uterine tubes, and ovaries from 
a bimanual examination. The examination is easiest in par- 
ous vvomen who are able to relax while the examination is in 
progress. In patients in whom it causes distress, the examina- 
tion may be performed under an anesthetie. With the bladder 
empty, the vaginal portion of the cervix is first palpated with 
the index finger of the right hand. The external os is circular in 
the nulliparous woman but has anterior and posterior lips in the 
multiparous woman. The cervix normally has the eonsisteney 
of the end of the nose, but in the pregnant uterus it is soft and 
vascular and has the eonsisteney of the lips. The left hand is 
then plaeed gently on the anterior abdominal wall above the 
symphysis pubis, and the fundus and body of the uterus may be 
palpated between the abdominal and vaginal fingers situated in 
the anterior fornix. The size, shape, and mobility of the uterus 
ean then be aseertained. 

In most women, the uterus is anteverted and anteflexed. 
A retroverted, retroflexed uterus ean be palpated through the 
posterior vaginal fornix. 

Varìeosed Veìns and Hemorrhoids ín Pregnaney 

Varieosed veins and hemorrhoids are eommon eonditions in 
pregnaney. The following faetors probably contribute to their 
cause: pressure of the gravid uterus on the inferior vena eava 
and the inferior mesenterie vein, impairing venous return, and 
inereased progesterone levels in the blood, leading to relax- 
ation of the smooth muscle in the walls of the veins and venous 
dilatation. 


The Anatomy of Emergeney Gesarean Seetìon 

An emergeney eesarean seetion is rarely performed. However, 
a physieian may need to perform this surgery in eases in which 
the mother may die after suffering a severe traumatic ineident. 
Following maternal death, plaeental circulation eeases, and the 
ehild must be delivered within 10 minutes; after a delay of more 
than 20 minutes, neonatal survival is rare. 

The Anatomy of the Teehnigne 

1 . The bladder is emptied, and an indwelling eatheter is left in 
position. This allows the empty bladder to sink down away 
from the operating field. 

2 . A midline skin ineision is made that extends from just below 
the umbilicus to just above the symphysis pubis. The follow- 
ing structures are then ineised: superficial faseia, fatty layer, 
and the membranous layer; deep faseia (thin layer); linear 
alba; faseia transversalis; extraperitoneal fatty layer; and 
parietal peritoneum. To avoid damaging loops of the small 
intestine or the greater omentum, which might be lying be- 
neath the parietal peritoneum, a fold of peritoneum is raised 
between two hemostats; an ineision is then made between 
the hemostats. 

3 . The bladder is identified, and a cut is made in the floor of the 
uterovesical pouch. The bladder is then separated from the 


lower partofthe body ofthe uterus and depressed downward 
into the pelvis. 

4 . The uterus is palpated to identify the presenting part of the 
fetus. 

5 . A transverse ineision about 1 in. (2.5 em) long is made into 
the exposed lower segment of the body of the uterus. Care is 
taken thatthe uterine wall is not immediately penetrated and 
the fetus injured. 

6. When the uterine eavity is entered, the amniotie eavity is 
opened, and amniotie fluid spurts. The uterine ineision is 
then enlarged sufficiently to deliverthe head and trunk of the 
fetus. When possible, the large tributaries and branehes of 
the uterine vessels in the myometrial wall are avoided. Great 
eare has to be taken to avoid the large uterine arteries that 
course along the lateral margin of the uterus. 

7 . Onee the fetus is delivered,the umbilical eord is elamped and 
divided. 

8 . The eontraeting uterus will cause the plaeenta to bulge 
through the uterine ineision. The plaeenta and fetal mem- 
branes are then delivered. 

9 . The uterine ineision is elosed with a full-thickness continu- 
ous suture. The peritoneum overthe bladder and lower part 
of the uterine body is then repaired to restore the integrity of 
the uterovesical pouch. Finally, the abdominal wall ineision is 
elosed in layers. 

Prolapse of the Uterus 

The great importanee of the tone of the levatores ani muscles in 
supporting the uterus has already been emphasized. The impor- 
tanee of the transverse eervieal, pubocervical, and saeroeervi- 
eal ligaments in positioning the cervix within the pelvie eavity 
has been eonsidered. Damage to these structures during ehild- 
birth or general poor body muscular tone may result in down- 
ward displaeement of the uterus ealled uterine prolapse. It most 
eommonly reveals itself after menopause, when the viseeral 
pelvie faseia tends to atrophy along with the pelvie organs. In 
advaneed eases, the cervix deseends the length of the vagina 
and may protrude through the orifiee. 

Because of the attaehment of the cervix to the vaginal vault, 
it follows that prolapse of the uterus is always aeeompanied by 
some prolapse of the vagina. 

Hystereetomy and Damage to the Ureter 

During the surgical procedure of hystereetomy, great eare must 
be exercised to not damage the ureters. When the surgeon is 
looking for the uterine artery on eaeh side at the base of the 
broad ligament, it is essential that he or she first identifies the 
ureter before elamping and tying off the artery. The uterine 
artery passes forward from the internal iliae artery and erosses 
the ureter at right angles to reaeh the cervix at the level of the 
internal os. 


Sonography of the Female Pelvìs 

A sonogram of the female pelvis ean be used to visual- 
ize the uterus and the developing fetus and the vagina (see 
Figs 7.30,7.31, and 7.32). 

__ J 
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FIGLIRE 7.30 Longitudinal sonogram of the female pelvis shovving the uterus, the vagina, and the bladder. (Courtesy of M.C. Hill.) 
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FIGURE 7.31 Transverse sonogram of the pelvis in a vvoman after an automobile aeeident, in vvhieh the liver vvas laeerated 
and blood eseaped into the peritoneal eavity. The bladder {BL), the body of the uterus {U), and the broad ligaments {vvhite 
arrovvs) are identified. Note the presenee of blood {dark areas) in the uterovesical pouch {UVP) and the pouch of Douglas 
(PD). (Courtesy of L. Scoutt.) 
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FIGURE7.32 Longitudinal sonogram of a pregnant uterus at 11 vveeks shovving the intrauterine gestational sae (blaek arrovv- 
heads) and the amniotie eavity (AQ filled vvith amniotie fluid; the fetus is seen in longitudinal seetion vvith the head (H) and 
coccyx (C) vvell displayed.The myometrium (MY) of the uterus ean be identified. (Courtesy of L. Scoutt.) 



E M B R Y 0 L 0 G I e N 0 T E S 


Development of the Uterus 

The uterus is derived from the fused caudal vertieal parts of the 
paramesonephrie ducts (Fig. 7.33), and the site of their angular 
junction beeomes a convex dome and forms the fundus of the 
uterus. The fusion betvveen the ducts is ineomplete at first, a 
septum persisting betvveen the lumina. Later, the septum disap- 
pears so that a single eavity remains. The upper part of the eavity 
forms the lumen of the body and cervix of the uterus. The myo- 
metrium is formed from the surrounding mesenehyme. 

Agenesis of the Uterus 

Rarely the uterus vvill be absent as the result of a failure of the 
paramesonephrie ducts to develop. 

Infantile Uterus 

Some adults may have an infantile uterus, a eondition in vvhieh 
the uterus is much smaller than normal and resembles that 


present before puberty. Amenorrhea is present, but the vagina 
and ovaries may be normal. 

Failure of Fusion of the Paramesonephrie Ducts 

Failure of the paramesonephrie ducts to fuse may cause a vari- 
ety of uterine defeets: (a) The uterus may be duplicated vvith tvvo 
bodies and tvvo eerviees. (b) There may be a eomplete septum 
through the uterus, making tvvo uterine eavities and tvvo eervi- 
ees. (e) There may be tvvo separate uterine bodies vvith one eer- 
vix. (d) One paramesonephrie duct may fail to develop, leaving 
one uterine tube and half of the body of the uterus. eiinieally, the 
main problems vvith a double uterus may be seen vvhen preg- 
naney occurs. Abortion is frequent, and the nonpregnant half of 
the uterus may cause obstruction at labor. 
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FIGURE 7.33 Formation of the uterine tubes, the uterus, and the vagina. 





E M B R Y 0 L 0 G I e N 0 T E S 


Brìef Summary of the Implantation of the Fertilízed 
Ovum in the Uterus 


The blastoeyst enters the uterine eavity betvveen the fourth 
and ninth days after ovulation. Normal implantation takes 
plaee in the endometrium of the body of the uterus, most fre- 
quently on the upper part of the posterior wall near the mid- 
line (see Fig. 7.34). As the result of the enzymatie digestion of 
the uterine epithelium by the trophoblast of the embryo, the 
blastoeyst sinks beneath the surface epithelium and beeomes 
embedded in the stroma by the llth or 12th day. 




Vagina 

Loeation and Deseription 

The vagina is a mnsenlar tube that extends upward and 
backward from the vulva to the uterus (see Fig. 7.5). It 
measures about 3 in. (8 em) long and has anterior and pos- 
terior walls, which are normally in apposition. At its upper 
end, the anterior wall is piereed by the cervix, which projeets 
downward and backward into the vagina. It is important to 
remember that the upper half of the vagina lies above the 
pelvie fioor and the lower half lies within the perinenm (see 
Figs. 7.5 and 7.28). The area of the vaginal lumen, which 
surrounds the cervix, is divided into four regions, or for- 
niees: anterior, posterior, right lateral, and left lateral. The 
vaginal orifiee in a virgin possesses a thin mneosal fold 
ealled the hymen, which is perforated at its eenter. After 
ehildbirth, the hymen usually eonsists only of tags. 
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FIGLIRE 7.34 Sagittal seetion of the uterus shovving the 
developing conceptus expanding into the uterine eavity. The 
three different regions of the decidua ean be reeognized. By 
the 16th vveek, the uterine eavity is obliterated by the fusion 
of the decidua capsularis vvith the decidua parietalis. 
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A Summary of the Formatìon of the Plaeenta 

The plaeenta is the organ that earries out respiration, excre- 
tion, and nutrition for the embryo, and it is fully formed during 
the fourth month. The formation of the plaeenta is eomplieated 
and is essentially the development of an organ by mother and 
ehild in symbiosis and eonsists of fetal and maternal parts. 

The fetal part develops as follovvs. The trophoblast 
beeomes a highly developed structure, vvith villi that continue 
to erode and penetrate deeper into the endometrium. Large 
irregular spaees knovvn as lacunae appear, vvhieh beeome 
filled vvith maternal blood. Atthe eenter of eaeh villus is eon- 
neetive tissue eontaining fetal blood vessels that vvill eventu- 
ally anastomose vvith one another and eonverge to form the 
umbilical eord (Fig. 7.35). 


The maternal partdevelops asfollovvs. Llnderthe influence 
of progesterone, seereted first by the corpus luteum and later 
by the plaeenta itself, the endometrium beeomes greatly thiek- 
ened and is knovvn as the decidua. Large areas of the decidua 
beeome excavated by the invading trophoblastie villi to form the 
intervillous spaees. The maternal blood vessels open into the 
spaees so that the outer surfaces of the villi of the fetal part of 
the plaeenta beeome bathed in oxygenated blood (see Fig. 7.35). 

By the fourth month of pregnaney, the plaeenta is a vvell- 
developed organ. As the pregnaney continues, the plaeenta 
inereases in area and thiekness. The plaeental attaehment 
occupies one third of the internal surface of the uterus. 

At birth, a fevv minutes after the delivery of the ehild, the 
plaeenta separates from the uterine vvall and is expelled from 
the uterine eavity as the result of the eontraetions of the uter- 
ine musculature. The line of separation occurs through the 
spongy layer of the decidua (see Fig. 7.35). 


Gross Appearanee of the Plaeenta at Birth 

At full term, the plaeenta has a spongelike eonsisteney. It is 
flattened and circular, vvith a diameter of about 8 in. (20 em) 
and a thiekness of about 1 in. (2.5 em), and vveighs about 1 Ib 
(500 g). It thins out at the edges, vvhere it is continuous vvith 
the fetal membranes (Fig. 7.36). 

The outer, or maternal, surface of a freshly shed plaeenta 
is rough on palpation, is dark red, and oozes blood from the 
torn maternal blood vessels. 

The inner, or fetal, surface is smooth and shiny and is 
raised in ridges bythe umbilical blood vessels, vvhieh radiate 
from the attaehment of the umbilical eord near its eenter. 

The fetal membranes (see Fig. 4.36), vvhieh surround and 
enelose the amniotie fluid, are continuous vvith the edge of 
the plaeenta. They are the amnion, the ehorion, and a small 
amount ofthe adherent maternal decidua. 


The Plaeenta and Bleeding in Late Pregnaney 

The eommon causes of substantial vaginal bleeding in the 
third trimester are plaeenta previa and plaeental abruption. 

Plaeenta Previa 

Plaeenta previa occurs in about 1 of every 200 pregnaneies. 
It is more eommon in multiparous vvomen and in those vvho 
have had surgery on the lovver part of the uterus. Normally, 
the plaeenta is situated in the upper half of the uterus. Should 
implantation occur in the lovver half of the body of the uterus, 
the eondition is ealled plaeenta previa. 

Three types of plaeenta previa may be reeognized: a eentral 
plaeenta previa, in vvhieh the entire internal os is eovered by 
plaeental tissue; marginal plaeenta previa, vvhen the edge of 
the plaeenta is eneroaehing on the internal os; and a lovv-lying 
plaeenta previa, vvhen the plaeenta lies lovv dovvn in the uterus, 
lateral to the internal os. Severe, painless hemorrhage occur- 
ring from the 28th vveek onvvard is the elinieal sign of plaeenta 
previa and is caused by expansion of the lovver half of the uter- 
ine vvall atthistime and by itstearing avvayfrom the plaeenta. 

Plaeental Abrnption 

Plaeental abruption is the premature separation of the pla- 
eenta in vvhieh normal implantation has occurred. It occurs 


(eontinaed) 
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in about 1% of pregnaneies. It is more eommon in multiparous 
vvomen and in vvomen vvith hypertension in pregnaney. As the 
plaeenta separates, hemorrhage occurs; the blood elot dis- 
seets the fetal membranes avvay from the uterine vvall. The 
blood usually eseapes through the cervix or ruptures into the 
amniotie eavity. The blood irritates the myometrium, and uter- 
ine muscle tone is inereased, vvhieh results in eontraetions. 
The plaeental circulation is eompromised by the plaeental 
separation and the inereased pressure on the plaeenta by the 

inereased uterine tone. 

\^ 


Relations 

■ Anteriorly: The vagina is elosely related to the bladder 
above and to the nrethra below (see Fig. 7.5). 

■ Posteriorly: The npper third of the vagina is related to 
the reetonterine poneh (poneh of Donglas) and its mid- 
dle third to the ampnlla of the reetnm. The lower third is 
related to the perineal body, which separates it from the 
anal eanal (see Fig. 7.5). 

■ Laterally: In its npper part, the vagina is related to the 
nreter; its middle part is related to the anterior fibers 
of the levator ani, as they run backward to reaeh the 
perineal body and hook around the anoreetal jnnetion 
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FIGURE 7.35 A seetion through the plaeenta shovving the maternal (top) and fetal (bottom) parts. Note that the maternal part is 
divided into the basal layer, the spongy layer, and the eompaet layer. The heavy solid line in the spongy layer indieates vvhere 
separation occurs betvveen the maternal and fetal parts of the plaeenta during the third stage of labor. 
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FIGLIRE 7.36 The mature plaeenta as seen from the fetal surface (A) and from the maternal surface (B). 


(see Figs. 7.19 and 7.28). Gontraetion of the fibers of 
levator ani eompresses the walls of the vagina together. 
In its lower part, the vagina is related to the nrogenital 
diaphragm (see Ghapter 8) and the bulb of the vestibule. 

Function 

The vagina not only is the female genital eanal, but it also 
serves as the excretory duct for the menstrual fiow and 
forms part of the birth eanal. 

Blood Supply 

Arteries 

The vaginal artery, a braneh of the internal iliae artery, 
and the vaginal braneh of the nterine artery supply the 
vagina. 

Veins 

The vaginal veins form a plexus around the vagina that 
drains into the internal iliae vein. 


Lymph Drainage 

The upper third of the vagina drains to the external and 
internal iliae nodes, the middle third drains to the inter- 
nal iliae nodes, and the lower third drains to the snperfieial 
ingninal nodes. 

Nerve Supply 

The inferior hypogastrie plexuses. 

Supports of the Vagina 

The upper part of the vagina is snpported by the levatores 
ani mnseles and the transverse eervieal, pnboeervieal, and 
saeroeervieal ligaments. These structures are attaehed to 
the vaginal wall by pelvie faseia (see Figs. 7.28 and 7.29). 

The middle part of the vagina is snpported by the uro- 
genital diaphragm (see Ghapter 8). 

The lower part of the vagina, espeeially the posterior 
wall, is snpported by the perineal body (see Fig. 7.5). 



Vagìnal Examìnatìon 

The anatomie relations of the vagina are of great elinieal impor- 
tanee. Many pathologie eonditions occurring in the female pelvis 
may be diagnosed using a simple vaginal examination. 

The follovving structures ean be palpated through the vaginal 
vvalls from above dovvnvvard: 

■ Anteriorly: The bladder and the urethra 

■ Posteriorly: Loops of ileum and the sigmoid eolon in the ree- 
touterine peritoneal pouch (pouch of Douglas),the reetal am- 
pulla, and the perineal body 


■ Laterally: The ureters, the pelvie faseia and the anterior 
fibers of the levatores ani muscles, and the urogenital dia- 
phragm 

Prolapse of the Vagina 

The vaginal vault is supported by the same structures that 
support the uterine cervix. Prolapse of the uterus is neees- 
sarily assoeiated vvith some degree of sagging of the vagi- 
nal vvalls. Hovvever, if the supports of the bladder, urethra, 
or anterior reetal vvall are damaged in ehildbirth, prolapse 


(continued) 
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of the vaginal vvalls occurs, with the uterus remaining in its 
eorreet position. 

Sagging of the bladder results in the bulging of the anterior 
wall of the vagina, a eondition known as a eystoeele. When the 
ampulla of the rectum sags against the posterior vaginal wall, 
the bulge ís ealled a reetoeele. 

Culdocentesìs 

The eloseness of the peritoneal eavity to the posterior vaginal 
fornix enables the physieian to drain a pelvie abseess through 
the vagina without performing a major operation. It is also pos- 
sible to identify blood or pus in the peritoneal eavity by the pas- 
sage of a needle through the posterior fornix. 

Anatomie Structures through Which the Needle Passes 

The needle passes through the mucous membrane of the vagina, 
muscular eoatofthe vagina, eonneetive tissue eoatofthe vagina, 
viseeral layer of pelvie faseia, and viseeral layer of peritoneum. 


Anatomie Featnres of the Complications of Culdocentesis 

Gomplieations are as follows: (a) The loops of ileum and the sig- 
moid eolon, structuresthat are normally presentwithin the pouch 
of Douglas, could be impaled by the needle. However, the pres- 
enee of blood or pus within the pouch tends to defleet the vis- 
eera superiorly. (b) Oeeasionally, when the uterus is somewhat 
retroflexed, the needle may enter the posterior wall of the body 
of the uterus. 

Vaginal Trauma 

Goital injury, pieket fenee-type of impalement injury, and vagi- 
nal perforation caused by water under pressure, as occurs in 
water skiing, are eommon injuries. Laeerations of the vaginal wall 
involving the posterior fornix may violate the pouch of Douglas 
of the peritoneal eavity and cause prolapse of the small intestine 
into the vagina. 



Y 0 L 0 G I e N 0 T E S 



Development of the Vagina 

The vagina is developed from the wall of the nrogenital sinus 
(see Fig. 7.33). The fused lower ends of the paramesonephrie 
ducts form the body and cervix of the uterus, and onee the solid 
end of the fused ducts reaehes the posterior wall of the uro- 
genital sinus, two outgrowths occur from the sinus, ealled the 
sinovaginal bulbs. The eells of the sinovaginal bulbs proliferate 
rapidly and form the vaginal plate. The vaginal plate thiekens 
and elongates and extends around the solid end of the fused 
paramesonephrie ducts. Later, the plate is eompletely eanalized 
and the vaginal forniees are formed. 

Vaginal Agenesis 

If the paramesonephrie ducts fail to develop, the wall of the uro- 
genital sinus will fail to form the vaginal plate. In these patients. 


there is an absenee of the vagina, uterus, and uterine tubes. 
Plastie surgical construction of a vagina should be attempted. 

Double Vagina 

A double vagina is caused by ineomplete eanalization of the 
vaginal plate. 

Imperforate Vagina and Imperforate Hymen 

Imperforate vagina is caused by a failure of the eells to degen- 
erate in the eenter of the vaginal plates. Imperforate hymen is 
caused by a failure of the eells of the lower part of the vaginal 
plate and wall of the urogenital sinus to degenerate. These eon- 
ditions lead to retention of the menstrual flow, a elinieal eondi- 
tion ealled bematoeolpos. Surgical ineision of the obstruction, 
followed by dilatation, relieves the eondition. 


Viseeral Pelvie Faseia 


Peritoneum 


The viseeral pelvie faseia is a layer of eonneetive tissne, The peritonenm in the female, as in the male, is best nnder- 
which, as in the male, eovers and snpports the pelvie viseera. stood by traeing it aronnd the pelvis in a sagittal plane (see 
It is eondensed to form the pnboeervieal, transverse eervi- Fig. 7.5). 


eal, and saeroeervieal ligaments of the nterns (see Fig. 7.29). 



e L I N I e A L 


N 0 T E S 



Vìseeral Pelvìe Faseia and infeetíon 

eiinieally, the pelvie faseia in the region of the uterine cervix 
is often referred to as the parametrinm. It is a eommon site for 
the spread of acute infeetions from the uterus and vagina, and 
here the infeetion often beeomes ehronie (pelvie inflammatory 
disease). 


The peritonenm passes down from the anterior abdomi- 
nal wall onto the npper snrfaee of the nrinary bladder. It 
then runs direetly onto the anterior surface of the uterus, 
at the level of the internal os. The peritonenm now passes 
upward over the anterior snrfaee of the body and fundus of 
the uterus and then downward over the posterior snrfaee. 
It eontinnes downward and eovers the upper part of the pos- 
terior surface of the vagina, where it forms the anterior wall 
of the reetonterine pouch (pouch of Douglas). The perito- 
neum then passes onto the front of the rectum, as in the male. 

In the female, the lowest part of the abdominopelvie 
peritoneal eavity in the ereet position is the reetonterine 
pouch. 
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The Rectouterìne Pouch and Dìsease 

Sinee the rectouterine pouch (pouch of Douglas) is the most 
dependent part of the entire peritoneal eavity (when the patient 
is in the standing position), it frequently beeomes the site for the 
accumulation of blood (from a ruptured eetopie pregnaney) or 
pus (from a ruptured pelvie appendieitis or in gonoeoeeal peri- 
tonitis). 

Because the pouch lies direetly behind the posterior fornix 
of the vagina, it is eommonly violated by misguided nonsterile 


instruments, which pieree the wall of the posterior fornix in a 
failed attempt at an illegal abortion. Pelvie peritonitis, often with 
fatal consequences, is the almost eertain result. 

A needle may be passed into the pouch through the posterior 
fornix in the procedure known as culdocentesis (see page 296). 
Surgically, the pouch may be entered in posterior eolpotomy. 

The interior of the female pelvie peritoneal eavity may be 
viewed for evidenee of disease through an endoseope; the 
instrument is introduced through a small eolpotomy ineision. 


Broad Ligaments 

The broad ligaments are two-layered folds of peritonenm 
that extend aeross the pelvie eavity from the lateral margins 
of the uterus to the lateral pelvie walls (see Fig. 7.19). Supe- 
riorly, the two layers are continuous and form the upper 
free edge. Inferiorly, at the base of the ligament, the lay- 
ers separate to eover the pelvie floor. The ovary is attaehed 
to the posterior layer by the mesovarium. The part of the 
broad ligament that lies lateral to the attaehment of the 
mesovarium forms the suspensory ligament of the ovary. 
The part of the broad ligament between the uterine tube 
and the mesovarium is ealled the mesosalpinx. 

At the base of the broad ligament, the uterine artery 
erosses the ureter (see Figs. 7.19 and 7.28). 

Eaeh broad ligament eontains the following: 

■ The uterine tube in its upper free border 


■ The round ligament of the ovary and the round liga- 
ment of the uterus. They represent the remains of the 
gubernaculum. 

■ The uterine and ovarian blood vessels, lymph vessels, 
and nerves 

■ The epoophoron, a vestigial structure that lies in the broad 
ligament above the attaehment of the mesovarium. It rep- 
resents the remains of the mesonephros (see Fig. 7.19). 

■ The paroòphoron, also a vestigial structure that lies in 
the broad ligament just lateral to the uterus. It is a meso- 
nephrie remnant (see Fig. 7.19). 

Gross-Seetional Anatomy of the PeMs 

To assist in the interpretation of CT seans of the pelvis, stu- 

dents should study the labeled eross seetions of the pelvis 

shown in Fignres 7.37 and 7.38. 


left 


anterior 


right 



FIGIJRE 7.37 A. Gross seetion of the male pelvis as seen from above. 
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FIGURE 7.37 (Continued) B. Gross seetion of the female pelvis as seen from belovv. 



Radiographic Anatomy 

Radiographie Appearanees of the 
Bony PeMs 


A routine anteroposterior view of the pelvis is taken with 
the patient in the supine position and with the eassette 
nnderneath the tabletop. A somewhat distorted view of the 
lower part of the saernm and coccyx is obtained, and these 
bones may be partially obsenred by the symphysis pubis. 
A better view of the sacrum and coccyx ean be obtained by 
slightly tilting the x-ray tube. 

An anteroposterior radiograph should be systematieally 
examined (see Figs. 7.39 throngh 7.42). The lower lum- 
bar vertebrae, sacrum, and coccyx may be looked at first, 
followed by the saeroiliae joints, the different parts of the 
hip bones, and finally the hip joints and the upper ends of 
the femurs. Gas and feeal material may be seen in the large 
bowel, and soft tissue shadows of the skin and subcutane- 
ous tissues may also be visualized. 

To demonstrate the saernm and saeroiliae joints more 
elearly, lateral and oblique views of the pelvis are often 
taken. 


Radiographie Appearanees of the 
Sigmoid Golon and Reetnm 

Barinm Enema 

The pelvie eolon and rectum ean be demonstrated by the 
administration of 2 to 3 pints (1 L) of barium sulfate emul- 
sion slowly throngh the anus. The appearanees of the pelvie 
eolon are similar to those seen in the more proximal parts 
of the eolon, but a distended sigmoid eolon usually shows 
no saeenlations. The rectum is seen to have a wider ealiber 
than the eolon. 


A eontrast enema is sometimes useful for examining the 
mucous membrane of the sigmoid eolon. The barium enema 
is partly evaenated and air is injeeted into the eolon. By this 
means, the walls of the eolon beeome ontlined (see Fig. 5.90). 

Radiographie Appearanees of the 
Female Genital Traet 

The instillation of viseons iodine preparations throngh 
the external os of the uterus allows the lumen of the eervi- 
eal eanal, the nterine eavity, and the different parts of the 
nterine tubes to be visualized (Fig. 7.43). This proeedme 
is known as hysterosalpingography. The pateney of these 
structures is demonstrated by the entranee into the perito- 
neal eavity of some of the opaque medium. 

A sonogram of the female pelvis shows the uterus and 
the vagina (Figs. 7.30, 7.31, and 7.32). 
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FIGURE 7.38 CT sean of the pelvis after a barium meal and 
intravenous pyelography. Note the presenee of the radio- 
paque matehal in the small intestine and the right ureter. 
The seetion is vievved from belovv. 
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FIGURE 7.39 Anteroposterior radiograph of the male pelvis. 
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FIGURE 7.40 Representation of the radiograph of the pelvis seen in Figure 7.39. 
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FIGURE 7.41 Anteroposterior radiograph of the adult fennale pelvis. 
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FIGURE 7.42 Representation of the radiograph of the pelvis seen in Figure 7.41. 
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FIGURE 7.43 Anteroposterior radiograph of the female pelvis after injeetion of radiopaque compound into the uterine eavity 
(hysterosalpingogram). 


SURFACE AnATOMY 


The surface anatomy of the pelvie viseera is eonsidered on 
page 260. 














THE PERINEUM 


A 51-year-old vvoman vvas seen by her physieian for eomplaints of breathlessness, vvhieh she 

notieed vvas vvorse on elimbing stairs. On questioning, she said that the problem started 
about 3 years ago and vvas getting vvorse. On examination, the patient vvas found to have a 
healthy appearanee, although the conjunctivae and lips vvere paler than normal, suggesting anemia. 
The cardiovascular and respiratory systems vvere normal. On further questioning, the patient said that 
she frequently passed blood-stained stools and vvas often eonstipated. 

Digital examination of the anal eanal revealed nothing abnormal apart from the presenee of some 
blood-stained mucus on the glove. Proetoseopie examination revealed thatthe mucous membrane of 
the anal eanal had three eongested svvellings that bulged into the lumen at the 3-, 1 -, and 11-o'eloek 
positions (the patient vvas in the lithotomy position). Laboratory examination of the blood shovved the 
red blood eells to be smaller than normaL and the red blood eell count vvas very lovv; the hemoglobin 
level vvas also lovv. The diagnosis vvas mieroeytie hypoehromie anemia, seeondary to prolonged bleed- 
ing from internal hemorrhoids. 

The severe anemia explained the patienTs breathlessness. The hemorrhoids vvere dilatations of 
the tributaries of the superior reetal vein in the vvall of the anal eanal. Repeated abrasion of the hemor- 
rhoids by hard stools caused the bleeding and loss of blood. Without knovvledge of the anatomie posi- 
tion of the veins in the anal eanal, the physieian vvould not have been able to make a diagnosis. 
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CHAPTER OBJEGTIVES 


■ Infeetions, injories, and prolapses involving the anal canal,the 
orethra, and the female external genitalia are eommon problems 
faeing the physieian. 

i- Llrethral obstruction,traumatic rupture ofthe penile urethra, 
and infeetions of the epididymis and testis are frequently seen 
in the male. 



The purpose of this ehapter is to eover the signifieant anatomy 
relative to these elinieal problems. Because the deseent of the 
testes and the structure of the scrotum are intimately related 
to the development of the inguinal eanal, they are dealt with in 
detail in Ghapter 4. 



Basig Anatomy 


Deflnition of Perinenm 


their eovering faseiae (see Fig. 8.1). It is ineomplete 
anteriorly to allow passage of the nrethra in males and 
the nrethra and the vagina in females (for details see 
page 247). 


The eavity of the pelvis is divided by the pelvie diaphragm 
into the main pelvie eavity above and the perinenm below 
(Fig. 8.1). When seen from below with the thighs abdneted, 
the perinenm is diamond shaped and is bonnded anteriorly 
by the symphysis pnbis, posteriorly by the tip of the coccyx, 
and laterally by the isehial tnberosities (Fig. 8.2). 

Pelvie Diaphragm 

The pelvie diaphragm is formed by the important leva- 
tores ani mnseles and the small eoeeygens mnseles and 


Gontents of Anal Triangle 

The anal triangle is bonnded behind by the tip of the eoe- 
cyx and on eaeh side by the isehial tnberosity and the saero- 
tnberons ligament, overlapped by the border of the glntens 
maximus muscle (Fig. 8.3). The anus, or lower opening of 
the anal eanal, lies in the midline, and on eaeh side is the 
isehioreetal fossa. The skin around the anus is supplied by 
the inferior reetal (hemorrhoidal) nerve. The lymph vessels 
of the skin drain into the medial group of the superficial 
inguinal nodes. 
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FIGURE8.1 Right half of the pelvis shovving the muscles forming the pelvie floor. Note that the levator ani and the coccygeus 
muscles and their eovering faseia form the pelvie diaphragm. Note also that the region of the main pelvie eavity lies above 
the pelvie diaphragm and the region of the perineum lies belovv the diaphragm. 
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urogenital 



FIGURE8.2 Diamond-shaped perineum divided by a broken 
line into the urogenital triangle and the anal triangle. 

Anal Ganal 

Loeation and Deserìptìon 

The anal eanal is abont 1.5 in. (4 em) long and passes 
downward and backward from the reetal ampnlla to the 


anus (Fig. 8.4). Except during defeeation, its lateral walls 
are kept in apposition by the levatores ani mnseles and the 
anal sphineters. 

Relations 

■ Posteriorly: The anoeoeeygeal body, which is a mass of 
fibrons tissue lying between the anal eanal and the eoe- 
cyx (see Fig. 8.4). 

■ Laterally: The fat-filled isehioreetal fossae (Fig. 8.5). 

■ Anteriorly: In the male, the perineal body, the nrogeni- 
tal diaphragm, the membranons part of the nrethra, and 
the bulb of the penis (see Fig. 8.4). In the female, the 
perineal body, the nrogenital diaphragm, and the lower 
part of the vagina (see Fig. 8.4). 

Structure 

The mneons membrane of the npper half of the anal eanal 

is derived from hindgnt entoderm (Fig. 8.6). It has the fol- 
lowing important anatomie featnres: 

■ It is lined by eolnmnar epithelinm. 

■ It is thrown into vertieal folds ealled anal eolnmns, 
which are joined together at their lower ends by small 
semilnnar folds ealled anal valves (remains of proeto- 
deal membrane) (Figs. 8.5 and 8.7). 

■ The nerve supply is the same as that for the reetal mucosa 
and is derived from the antonomie hypogastrie plexuses. 
It is sensitive only to streteh (see Fig. 8.6). 

■ The arterial supply is that of the hindgut—namely, the 
snperior reetal artery, a braneh of the inferior mesen- 
terie artery (see Fig. 8.6). The venous drainage is mainly 
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FIGURE8.3 Anal triangle and urogenital triangle in the male as seen from belovv. 
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FIGURE 8.4 Sagittal seetions of the male (A) pelvis. Sagittal seetions of the female (B) pelvis 


by the superior reetal vein, a tributary of the inferior 
mesenterie vein, and the portal vein (see Fig. 8.5). 

The lymphatie drainage is mainly upward along the 
snperior reetal artery to the parareetal nodes and 
then eventnally to the inferior mesenterie nodes (see 
Fig. 8.6). 


The mucous membrane of the lower half of the anal eanal 

is derived from eetoderm of the proetodenm. It has the fol- 
lowing important featnres: 

■ It is lined by stratified squamous epithelium, which 
gradually merges at the anus with the perianal epider- 
mis (see Fig. 8.6). 
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FIGURE8.5 Goronal seetion of the pelvis and the perineym shovving venous drainage of the anal eanal 


■ There are no anal eolnmns (see Fig. 8.7). 

■ The nerve snpply is from the somatie inferior reetal 
nerve; it is thus sensitive to pain, temperature, touch, 
and pressnre (see Figs. 8.3 and 8.6). 

■ The arterial supply is the inferior reetal artery, a braneh 
of the internal pndendal artery (see Fig. 8.3). The venous 
drainage is by the inferior reetal vein, a tribntary of the 
internal pndendal vein, which drains into the internal 
iliae vein (see Figs. 8.5 and 8.6). 

■ The lymph drainage is downward to the medial group of 
superfìcial inguinal nodes (see Fig. 8.6). 

The peetinate line indieates the level where the upper half 
of the anal eanal joins the lower half (see Fig. 8.7). 

Muscle Coat 

As in the upper parts of the intestinal traet, it is divided into 
an outer longitudinal and an inner eirenlar layer of smooth 
muscle (see Fig. 8.5). 

Anal Sphineters 

The anal eanal has an involnntary internal sphineter and a 
volnntary external sphineter. 

The internal sphineter is formed from a thiekening of 
the smooth muscle of the circular eoat at the upper end 
of the anal eanal. The internal sphineter is enelosed by a 
sheath of striped muscle that forms the voluntary external 
sphineter (see Figs. 8.5, 8.6, and 8.7). 


The external sphineter ean be divided into three parts: 

■ A snbentaneons part, which eneireles the lower end of 
the anal eanal and has no bony attaehments 

■ A snperfieial part, which is attaehed to the coccyx 
behind and the perineal body in front 

■ A deep part, which eneireles the upper end of the anal 
eanal and has no bony attaehments 

The pnboreetalis fibers of the two levatores ani mnseles 
blend with the deep part of the external sphineter (see Figs. 
8.5, 8.6, and 8.7). The pnboreetalis fibers of the two sides 
form a sling, which is attaehed in front to the pubic bones 
and passes around the jnnetion of the rectum and the anal 
eanal, pnlling the two forward at an acute angle (see Fig. 8.6). 

The longitndinal smooth muscle of the anal eanal is 
continuous above with that of the rectum. It forms a eon- 
tinuous eoat around the anal eanal and deseends in the 
interval between the internal and external anal sphineters. 
Some of the longitndinal fibers are attaehed to the mucous 
membrane of the anal eanal, whereas others pass laterally 
into the isehioreetal fossa or are attaehed to the perianal 
skin (see Fig. 8.5). 

At the jnnetion of the rectum and anal eanal 
(see Fig. 8.6), the internal sphineter, the deep part of the 
external sphineter, and the pnboreetalis mnseles form a 
distinet ring, ealled the anoreetal ring, which ean be felt 
on reetal examination. 
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FIGURE 8.6 Llpper and lovver halves of the anal eanal shovving their ennbryologie origin and lining epitheliym (A), their arterial 
supply (B), their venous drainage (C), and their lymph drainage (D). Arrangement of the muscle fibers of the puborectalis 
muscle and different parts of the extemal anal sphineter (E). 
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FIGURE8.7 Goronal seetion of the anal eanal shovving the detailed anatomy of the mucous membrane and the arrangement 
of the internal and extemal anal sphineters. Note that the terms "peetinate line" (the line at the level of the anal valves) and 
"peeten" (the transitional zone betvveen the skin and the mucous membrane) are sometimes used by elinieians. 
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FIGURE8.8 Course and branehes of the pudendal nerve in 
the male. 


Blood Supply 

Arteries 

The superior artery supplies the upper half and the inferior 
artery snpplies the lower half (see Fig. 8.6). 

Veins 

The upper half is drained by the snperior reetal vein into 
the inferior mesenterie vein, and the lower half is drained 
by the inferior reetal vein into the internal pndendal 
vein. 

Lymph Drainage 

The upper half of the anal eanal drains into the parareetal 
nodes and then the inferior mesenterie nodes. The lower 
half drains into the medial group of superficial inguinal 
nodes (see Fig. 8.6). 

Nerve Supply 

The mucous membrane of the upper half is sensitive to 
streteh and is innervated by sensory fibers that aseend 
throngh the hypogastrie plexuses. The lower half is sen- 
sitive to pain, temperatnre, touch, and pressnre and is 
innervated by the inferior reetal nerves. The involnntary 
internal sphineter is snpplied by sympathetie fibers from 
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the inferior hypogastrie plexuses. The voluntary external 
sphineter is snpplied by the inferior reetal nerve, a braneh 
of the pndendal nerve (see Fig. 8.3), and the perineal braneh 
of the fourth saeral nerve. 

Defeeation 

The time, plaee, and frequency of defeeation are a matter of 
habit. Some adults defeeate onee a day, some defeeate sev- 
eral times a day, and some perfeetly normal people defeeate 
onee in several days. 

The desire to defeeate is initiated by stimnlation of the 
streteh reeeptors in the wall of the rectum by the pres- 
enee of feees in the lumen. The aet of defeeation involves 
a eoordinated ref[ex that resnlts in the emptying of the 
deseending eolon, sigmoid eolon, rectum, and anal eanal. 
It is assisted by a rise in intra-abdominal pressnre bronght 
about by eontraetion of the mnseles of the anterior 
abdominal wall. The tonie eontraetion of the internal and 
external anal sphineters, inelnding the pnboreetalis mus- 
eles, is now volnntarily inhibited, and the feees are evacu- 
ated through the anal eanal. Depending on the laxity of the 
submucous eoat, the mucous membrane of the lower part 
of the anal eanal is extruded through the anus ahead of the 
feeal mass. At the end of the aet, the mucosa is returned 
to the anal eanal by the tone of the longitndinal fibers of 
the anal walls and the eontraetion and upward pull of the 
puborectalis muscle. The empty lumen of the anal eanal is 
now elosed by the tonie eontraetion of the anal sphineters. 

isehioreetal Fossa 

The isehioreetal fossa (isehioanal fossa) is a wedge-shaped 
spaee loeated on eaeh side of the anal eanal (see Fig. 8.5). 
The base of the wedge is snperfieial and formed by the skin. 
The edge of the wedge is formed by the jnnetion of the 
medial and lateral walls. The medial wall is formed by the 
sloping levator ani muscle and the anal eanal. The lateral 
wall is formed by the lower part of the obtnrator internns 
muscle, eovered with pelvie faseia. 

eontents of Fossa 

The isehioreetal fossa is filled with dense fat, which sup- 
ports the anal eanal and allows it to distend during defeea- 
tion. The pndendal nerve and internal pndendal vessels are 


embedded in a faseial eanal, the pudendal eanal, on the 
lateral wall of the isehioreetal fossa, on the medial side of 
the isehial tnberosity (Figs. 8.5 and 8.8). The inferior reetal 
vessels and nerve eross the fossa to reaeh the anal eanal. 

Pudendal Nerve 

The pndendal nerve is a braneh of the saeral plexus and 
leaves the main pelvie eavity throngh the greater seiatie fora- 
men (see Fig. 8.8). After a brief course in the glnteal region of 
the lower limb, it enters the perinenm throngh the lesser sei- 
atie foramen. The nerve then passes forward in the pndendal 
eanal and, by means of its branehes, snpplies the external 
anal sphineter and the mnseles and skin of the perinenm. 

Branehes 

■ Inferior reetal nerve: This runs medially aeross the 
isehioreetal fossa and snpplies the external anal sphine- 
ter, the mucous membrane of the lower half of the anal 
eanal, and the perianal skin (see Fig. 8.3). 

■ Dorsal nerve of the penis (or elitoris): This is distrib- 
uted to the penis (or elitoris) (see Fig. 8.8). 

■ Perineal nerve: This snpplies the mnseles in the urogen- 
ital triangle (see Fig. 8.8) and the skin on the posterior 
snrfaee of the serotnm (or labia majora). 

Internal Pudendal Artery 

The internal pndendal artery is a braneh of the internal 
iliae artery and passes from the pelvis throngh the greater 
seiatie foramen and enters the perinenm throngh the lesser 
seiatie foramen. 

Branehes 

■ Inferior reetal artery: This snpplies the lower half of the 
anal eanal (see Fig. 8.3). 

■ Branehes to the penis in the male and to the labia and 
elitoris in the female. 

Internal PudendalVein 

The internal pndendal vein reeeives tribntaries that eorre- 
spond to the branehes of the internal pndendal artery. 

llrogenital Triangle 

The nrogenital triangle is bonnded in front by the pubic 
areh and laterally by the isehial tnberosities (see Fig. 8.3). 



Portal-Systemíe Anastomosís 

The reetal veins form an important portal-systemie anastomo- 
sis beeaose the soperior reetal vein drains oltimately into the 
portal vein and the inferior reetal vein drains into the systemie 
system. 


Internal Hemorrhoìds (Pìles) 

Internal hemorrhoids are varieosities of the tribotaries of the 
soperior reetal (hemorrhoidal) vein and are eovered by mucous 
membrane (Fig. 8.9). The tributaries of the vein, vvhieh lie in the 
anal columns at the 3-, 7-, and 11-o'eloek positions when the 
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patient is vievved in the lithotomy position,* are particularly liable 
to beeome varieosed. Anatomieally, a hemorrhoid is therefore 
a fold of mucous membrane and submucosa eontaining a vari- 
eosed tributary of the superior reetal vein and a terminal braneh 
of the superior reetal artery. Internal hemorrhoids are initially 
eontained vvithin the anal eanal (first degree). As they enlarge, 
they extrude from the eanal on defeeation but return atthe end 
of the aet (seeond degree). With further elongation, they pro- 
lapse on defeeation and remain outside the anus (third degree). 

Because internal hemorrhoids occur in the upper half of the 
anal eanal, vvhere the mucous membrane is innervated by auto- 
nomie afferent nerves, they are painless and are sensitive only 
to streteh. This may explain vvhy large internal hemorrhoids give 
rise to an aehing sensation ratherthan acute pain. 

The causes of internal hemorrhoids are many. They fre- 
quently occur in members of the same family, vvhieh suggests 
a eongenital vveakness of the vein vvalls. Varieose veins of the 
legs and hemorrhoids often go together. The superior reetal vein 
is the most dependent part of the portal circulation and is valve- 
less. The vveight of the column of venous blood is thus greatest 
in the veins in the upper half of the anal eanal. Here, the loose 
eonneetive tissue of the submucosa gives little support to the 
vvalls of the veins. Moreover, the venous return is interrupted 
by the eontraetion of the muscular eoat of the reetal vvall dur- 
ing defeeation. Ghronie eonstipation, assoeiated vvith prolonged 
straining at stool, is a eommon predisposing faetor. Pregnaney 
hemorrhoids are eommon ovving to pressure on the superior ree- 
tal veins by the gravid uterus. Portal hypertension as a result of 
eirrhosis of the liver ean also cause hemorrhoids. The possibility 
that cancerous tumors of the rectum are bloeking the superior 
reetal vein must never be overlooked. 

External Hemorrhoids 

External hemorrhoids are varieosities of the tributaries of the 
inferior reetal (hemorrhoidal) vein as they run laterally from the 
anal margin. They are eovered by skin (see Fig. 8.9) and are 
eommonly assoeiated vvith vvell-established internal hemor- 
rhoids. 

External hemorrhoids are eovered by the mucous membrane 
ofthe lovver half of the anal eanal orthe skin, and they are inner- 
vated by the inferior reetal nerves. They are sensitive to pain, 
temperature, touch, and pressure, vvhieh explains vvhy external 
hemorrhoids tend to be painful. Thrombosis of an external hem- 
orrhoid is eommon. Its cause is unknovvn, although coughing 
or straining may produce distention of the hemorrhoid follovved 
by stasis. The presenee of a small, acutely tender svvelling 
atthe anal margin is immediately reeognized by the patient. 

Perianal Hematoma 

A perianal hematoma is a small eolleetion of blood beneath the 
perianal skin (see Fig. 8.9). It is caused by a rupture of a small 
subcutaneous vein, possibly an external hemorrhoid, and is 
extremely painful. 


*The patient is in the supine position with both hip joints flexed and abducted; 
the feet are held in position by stirrups. The position is eommonly used for 
pelvie examinations of the female. 


Anal Fissnre 

The lovver ends of the anal columns are eonneeted by small 
folds ealled anal valves (Fig. 8.10). In people suffering from 
ehronie eonstipation, the anal valves may be torn dovvn to the 
anus as the result of the edge of the feeal mass eatehing on 
the fold of mucous membrane. The elongated ulcer so formed, 
knovvn as an anal fissnre (see Fig. 8.10), is extremely painful. 
The fissure occurs most eommonly in the midline posteriorly 
or, less eommonly, anteriorly, and this may be caused by the 
laek of support provided by the superficial part of the external 
sphineter in these areas. (The superficial part of the external 
sphineter does not eneirele the anal eanal, but svveeps past its 
lateral sides.) 

The site of the anal fissure in the sensitive lovver half of the 
anal eanal, vvhieh is innervated by the inferior reetal nerve, 
results in reflex spasm of the external anal sphineter, aggravat- 
ing the eondition. Because of the intense pain, anal fissures may 
have to be examined under loeal anesthesia. 

Perianal Abseesses 

Perianal abseesses are produced by feeal trauma to the anal 
mucosa (see Fig. 8.10). infeetion may gain entranee to the submu- 
eosa through a small mucosal lesion, orthe abseess may eompli- 
eate an anal fissure orthe infeetion of an anal mucosal gland. The 
abseess may be loealized to the submucosa (submucous abseess), 
may occur beneath the perianal skin (subcutaneous abseess), or 
may occupy the isehioreetal fossa (isehioreetal abseess). Large 
isehioreetal abseesses sometimes extend posteriorly around 
the side of the anal eanal to invade the isehioreetal fossa of the 
opposite side (horseshoe abseess). An abseess may be found in 
the spaee betvveen the ampulla of the rectum and the upper sur- 
faee of the levator ani (pelvireetal abseess). Anatomieally, these 
abseesses are elosely related to the different parts of the external 
sphineter and levator ani muscles, as seen in Figure 8.10. 

Anal fistnlae develop as the result of spread or inadequate 
treatment of anal abseesses. The fistula opens at one end atthe 
lumen of the anal eanal or lovver rectum and atthe other end on 
the skin surface elose to the anus (see Fig. 8.10). If the abseess 
opens onto only one surface, it is knovvn as a sinns, not a fistula. 
The high-level fistulae are rare and run from the rectum to the peri- 
anal skin. They are loeated above the anoreetal ring; as a result, 
feeal material eonstantly soils the elothes. The lovv-level fistulae 
occur belovvthe level of the anoreetal ring, as shovvn in Figure 8.10. 

The most important part of the sphineterie meehanism of the 
anal eanal is the anoreetal ring. It eonsists of the deep part of 
the external sphineter, the internal sphineter, and the puborecta- 
lis part of the levator ani. Surgical operations on the anal eanal 
that result in damage to the anoreetal ring vvill produce feeal 
ineontinenee. 

Removal of Anoreetal Foreign Bodies 

Normally, the anal eanal is kept elosed by the tone of the inter- 
nal and external anal sphineters and the tone of the puborectalis 
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part of the levator ani moseles. The reetal eontents are sup- 
ported by the levator ani muscles, possibly assisted by the trans- 
verse reetal mucosal folds. For these reasons, the removal of a 
large foreign body, such as a vase or an eleetrie light bulb, from 
the rectum may be a formidable problem. 


eontraeting when the pressure within its lumen rises. This loeal 
reflex response is much more effieient if the saeral segments of 
the spinal eord are spared. At best, however, the foree of the 
eontraetions of the reetal wall is small, and eonstipation and 
impaetion of feees are the usual outcome. 


The following procedure is usually successful: 

1 . The foreign body must first be fixed so that the sphineterie 
tone, together with external attempts to grab the objeet, does 
not displaee the objeet farther up the rectum. 

2. Large, irregular, or fragile foreign bodies may not be removed 
so easily, and it may be neeessary to paralyze the anal 
sphineter by giving the patient a general anesthetie or by per- 
forming an anal sphineter nerve bloek. 


Anal Sphineter Nerve Bloek and Anesthetizing 
the Perianal Skin 


By bloeking the branehes of the inferior reetal nerve and the 
perineal braneh of the 4th saeral nerve, the anal sphineters will 
be relaxed and the perianal skin anesthetized. 

The procedure is as follows: 


1. An intradermal wheal is produced by injeeting a small amount 
of anesthetie solution behind the anus in the midline. 

2. A gloved index finger is inserted into the anal eanal to serve 
as a guide. 

3. A long needle attaehed to a syringe filled with anesthetie 
solution is inserted through the cutaneous wheal into the 
sphineter muscles along the posterior and lateral surfaces 
of the anal eanal. The procedure is repeated on the opposite 
side. The purpose of the finger in the anal eanal is to guide 
the needle and to prevent penetration of the anal mucous 
membrane. 


ineontinenee Assoeiated with Reetal Prolapse 

Feeal ineontinenee ean aeeompany severe reetal prolapse of 
long duration. It is thought that the prolonged and excessive 
stretehing of the anal sphineters is the cause of the eondi- 
tion. The eondition ean be treated by restoring the anoreetal 
angle by tightening the puborectalis part of the levator ani 
muscles and the external anal sphineters behind the anoreetal 
junction. 

ineontinenee afterTranma 

Trauma, such as ehildbirth, or damage to the sphineters during 
surgery or perianal abseesses or fistulae ean be responsible for 
ineontinenee aftertrauma. 


ineontinenee after Spinal Cord Injnry 

After severe spinal eord injuries, the patient is not aware of 
reetal distention. Moreover, the parasympathetie influence on 
the peristaltie aetivity of the deseending eolon, sigmoid eolon, 
and rectum is lost. In addition, eontrol over the abdominal 
musculature and sphineters of the anal eanal may be severely 
impaired. The rectum, now an isolated structure, responds by 


Reetal Examination 

The following structures ean be palpated by the gloved indexfin- 
ger inserted into the anal eanal and rectum in the normal patient. 

Anteriorly 

In the male: 

■ Opposite the terminal phalanx are the eontents of the reeto- 
vesieal pouch, the posterior surface of the bladder, the semi- 
nal vesieles, and the vasa deferentia (Fig. 8.11). 

■ Opposite the middle phalanx are the reetoprostatie faseia 
and the prostate. 

■ Opposite the proximal phalanx are the perineal body, the 
urogenital diaphragm, and the bulb of the penis. 

In the female: 

■ Opposite the terminal phalanx are the rectouterine pouch, 
the vagina, and the cervix. 

■ Opposite the middle phalanx are the urogenital diaphragm 
and the vagina. 

■ Opposite the proximal phalanx are the perineal body and the 
lower part of the vagina. 

Posteriorly 

The sacrum, coccyx, and anoeoeeygeal body ean be felt. 

Laterally 

The isehioreetal fossae and isehial spines ean be palpated. 

Ganeer and the Lymph Drainage of the Anal Ganal 

The upper half of the mucous membrane of the anal eanal is 
drained upward to lymph nodes along the course of the superior 
reetal artery. The lower half of the mucous membrane is drained 
downward to the medial group of superficial inguinal nodes. 
Many patients have thoughtthey had an inguinal hernia, and the 
physieian has found a eaneer of the lower half of the anal eanal, 
with seeondary deposits in the inguinal lymph nodes. 

The isehioreetal Fossa and infeetion 

The isehioreetal fossae (isehioanal fossae) are filled with fat 
that is poorly vascularized. The elose proximity to the anal eanal 
makes them particularly vulnerable to infeetion. infeetion eom- 
monly traeks laterally from the anal mucosa through the external 
anal sphineter. infeetion of the perianal hair follieles or sweat 
glands may also be the cause of infeetion in the fossae. Rarely, 
a perireetal abseess bursts downward through the levator ani 
muscle. An isehioreetal abseess may involve the opposite fossa 
by the spread of infeetion aeross the midline behind the anal 
eanal. 
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Development of the Anal Ganal 

The distal end of the hindgot terminates as a blind sae of ento- 
derm ealled the eloaea (see Fig. 7.8). The eloaea lies in eontaet 
with a shallow eetodermal depression ealled the proetodenm. 
The apposed layers of eetoderm and entoderm form the eloaeal 
membrane, which separates the eavity of the hindgot from the 
sorfaee (see Fig. 7.8). The eloaea beeomes divided into anterior 
and posterior parts by the nroreetal septnm; the posterior part 
of the eloaea is ealled the anoreetal eanal. The anoreetal eanal 
forms the rectum and the upper half of the anal eanal. The lining 


of the superior half of the anal eanal is formed from entoderm, 
and that of the inferior half of the anal eanal is formed from the 
eetoderm of the proctodeum (see Fig. 7.8). The sphineters of the 
anal eanal are formed from the surrounding mesenehyme. The 
posterior part of the eloaeal membrane breaks down so that the 
gut opens onto the surface of the embryo. 


Imperforate Anus 


About 1 ehild in 4000 is born with imperforate anus caused by an 
imperfeet fusion of the entodermal eloaea with the proctodeum. 



Superfìcial Faseia 

The superficial faseia of the urogenital triangle ean be 
divided into a fatty layer and a membranons layer. 

The fatty layer (faseia of Gamper) is continuous with 
the fat of the isehioreetal fossa (Fig. 8.12) and the snperfi- 
eial faseia of the thighs. In the serotnm, the fat is replaeed 


by smooth muscle, the dartos muscle. The dartos muscle 
eontraets in response to eold and rednees the snrfaee area 
of the serotal skin (see testienlar temperatnre and fertility, 
page 131). 

The membranous layer (Golles’ faseia) is attaehed 
posteriorly to the posterior border of the nrogenital dia- 
phragm (see Fig. 8.12) and laterally to the margins of the 
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FIGURE8.9 A. Normal tributary of the superior reetal vein vvithin the anal column. B. Varieosed tributary of the superior reetal 
vein forming the internal hemorrhoid. Dotted lines indieate degrees of severity of eondition. C. Positions of three internal 
hemorrhoids as seen through a proetoseope with the patient in the lithotomy position. 
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FIGLIRE 8.10 A.Tearing dovvnvvard of the anal valve to form an anal fissure. B. Gommon loeations of perianal abseesses 
e. Gommon positions of perianal fistulae. 
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FIGURE8.11 A. Reetal examination in a pregnant vvoman shovving hovv it is possible to palpate the cervix through the ante- 
rior reetal vvall. B. Reetal examination in the male shovving hovv it is possible to palpate the prostate and the seminal vesieles 
through the anterior reetal vvall. C. Position of the episiotomy ineision in a vvoman during the seeond stage of labor. The 
baby's head is presenting at the vaginal orifiee. 


pubic areh; anteriorly it is continuous with the membra- 
nous layer of superficial faseia of the anterior abdominal 
wall (Searpa’s faseia). The faseia is eontinned over the 
penis (or elitoris) as a tubular sheath (Fig. 8.13). In the 
serotnm (or labia majora), it forms a distinet layer (see 
Fig. 8.12). 

Superficial Perineal Pouch 

The snperfieial perineal pouch is bounded below by the 
membranons layer of snperfieial faseia and above by the 
nrogenital diaphragm (see Fig. 8.12). It is elosed behind by 
the fnsion of its upper and lower walls. Laterally, it is elosed 
by the attaehment of the membranons layer of snperfieial 
faseia and the nrogenital diaphragm to the margins of the 
pubic areh (Figs. 8.14 and 8.15). Anteriorly, the spaee eom- 
mnnieates freely with the potential spaee lying between the 
snperfieial faseia of the anterior abdominal wall and the 
anterior abdominal mnseles. 


The eontents of the snperfieial perineal pouch in both 
sexes are deseribed on pages 319 and 322. 

IJrogenital Diaphragm 

The nrogenital diaphragm is a triangnlar musculofascial 
diaphragm situated in the anterior part of the perinenm, 
filling in the gap of the pubic areh (see Figs. 8.12, 8.14, and 
8.15). It is formed by the sphineter nrethrae and the deep 
transverse perineal mnseles, which are enelosed between 
a snperior and an inferior layer of faseia of the nrogenital 
diaphragm. The inferior layer of faseia is often referred to 
as the perineal membrane. 

Anteriorly, the two layers of faseia fiase, leaving a small 
gap beneath the symphysis pubis. Posteriorly, the two layers 
of faseia fuse with eaeh other and with the membranons 
layer of the snperfieial faseia and the perineal body (see 
Fig. 8.12). Laterally, the layers of faseia are attaehed to the 
pubic areh. The elosed spaee that is eontained between the 
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FIGURE 8.12 Arrangement of the superficial faseia in the urogenital triangle. Note the superficial and deep perineal pouches 


superficial and deep layers of faseia is known as the deep 
perineal pouch (see Figs. 8.12, 8.14, and 8.15). 

The eontents of the deep perineal pouch in both sexes 
are deseribed in subsequent seetions. 

eontents of the Male IJrogenital 
Triangle 

In the male, the triangle eontains the penis and serotnm. 

Penis 

Loeation and Deseription 

The penis has a fixed root and a body that hangs free 
(Figs. 8.4 and 8.16). 

Root of the Penis 

The root of the penis is made up of three masses of ereetile 
tissue ealled the bulb of the penis and the right and left 


crura of the penis (Figs. 8.13, 8.16, and 8.17). The bulb is 
situated in the midline and is attaehed to the undersurface 
of the urogenital diaphragm. It is traversed by the nrethra 
and is eovered on its outer surface by the bulbospongiosus 
muscles. Eaeh crus is attaehed to the side of the pubic areh 
and is eovered on its outer surface by the ischiocavernosus 
muscle. The bulb is continued forward into the body of 
the penis and forms the corpus spongiosum (see Fig. 8.17). 
The two crura eonverge anteriorly and eome to lie side by 
side in the dorsal part of the body of the penis, forming the 
eorpora eavernosa (see Figs. 8.13 and 8.16). 

Body of the Penis 

The body of the penis is essentially eomposed of three 
eylinders of ereetile tissue enelosed in a tubular sheath of 
faseia (Buck’s faseia). The ereetile tissue is made up of 
two dorsally plaeed eorpora eavernosa and a single corpus 
spongiosum applied to their ventral snrfaee (see Figs. 8.13 
and 8.16). At its distal extremity, the corpus spongiosum 
expands to form the glans penis, which eovers the distal 
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FIGURE 8.13 The penis. A and B.The three bodies of ereetile tissue, the tvvo eorpora eavernosa, and the corpus spongiosunn 
vvith the glans. G.The penile urethra slit open to shovv the folds of nnucous membrane and glandular orifiees in the roof of 
the urethra. 


ends of the eorpora eavernosa. On the tip of the glans penis 
is the slitlike orifiee of the nrethra, ealled the external ure- 
thral meatus. 

The prepuce or foreskin is a hoodlike fold of skin that 
eovers the glans. It is eonneeted to the glans just below the 
urethral orifiee by a fold ealled the frenulum. 

The body of the penis is snpported by two eondensations 
of deep faseia that extend downward from the linea alba and 
symphysis pubis to be attaehed to the faseia of the penis. 

Blood Supply 

Arteries 

The eorpora eavernosa are snpplied by the deep arteries of 
thepenis (see Fig. 8.13); the corpus spongiosum is supplied 


by the artery of the bulb. In addition, there is the dorsal 
artery of the penis. All the above arteries are branehes of 
the internal pndendal artery. 

Veins 

The veins drain into the internal pndendal veins. 

Lymph Drainage 

The skin of the penis is drained into the medial group of 
superficial inguinal nodes. The deep structures of the penis 
are drained into the internal iliae nodes. 

Nerve Supply 

The nerve supply is from the pudendal nerve and the pelvie 
plexuses. 
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FIGURE 8.14 Goronal seetion of the nnale pelvis shovving the prostate, the urogenital diaphragm, and the eontents of the 
superficial perineal pouch. 
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FIGURE 8.15 Goronal seetion of the female pelvis shovving the vagina, the urogenital diaphragm, and the eontents of the 
superficial perineal pouch. 


317 


















































318 CHAPTER8 The Perineum 


perineal membrane 


eorona 



deep dorsal vein 


deep dorsal vein 


dorsal nerve 


dorsal artery 


crus of penis 


eorpora eavernosa 


corpus spongiosum 


glans penis 


external urethral meatus 


FIGURE 8.16 Root and body of the penis. 
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FIGURE 8.17 Root of penis and perineal nnuscles. 
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Scrotum 

Loeation and Deseription 

The scrotum is an outpouching of the lower part of the 
anterior abdominal wall and eontains the testes, the 
epididymides, and the lower ends of the spermatie eords 
(see Fig. 4.21). 

The wall of the serotnm has the following layers: 

■ Skin 

■ Snperfieial faseia; the dartos muscle, which is smooth 
muscle, replaees the fatty layer of the anterior abdomi- 
nal wall, and Searpas faseia (membranons layer), now 
ealled Golles’ faseia. 

■ External spermatie faseia derived from the external 
oblique 

■ Gremasterie faseia derived from the internal oblique 

■ Internal spermatie faseia derived from the faseia trans- 
versalis 

■ Tunica vaginalis, which is a elosed sae that eovers the 
anterior, medial, and lateral snrfaees of eaeh testis 

Beeanse the structure of the scrotum, the deseent of the tes- 
tes, and the formation of the ingninal eanal are interrelated, 
they are fiilly deseribed in Ghapter 4. 

Blood Supply 

Subcutaneous plexuses and arteriovenons anastomoses 
promote heat loss and thus assist in the environmental eon- 
trol of the temperatnre of the testes. 

Arteries 

The external pndendal branehes of the femoral and serotal 
branehes of the internal pndendal arteries supply the scrotum. 

Veins 

The veins aeeompany the eorresponding arteries. 

Lymph Drainage 

The wall of the serotnm is drained into the medial group of 
superficial inguinal lymph nodes. The lymph drainage of 
the testis and epididymis aseends in the spermatie eord and 
ends in the lumbar (para-aortie) lymph nodes at the level 
of the first lumbar vertebra. This is to be expected because 
the testis during development has migrated from high up 
on the posterior abdominal wall, down throngh the ingui- 
nal eanal, and into the serotnm, dragging its blood supply 
and lymph vessels after it. 

Nerve Supply 

The anterior snrfaee of the serotnm is snpplied by the ilioin- 
guinal nerves and the genital braneh of the genitofemoral 
nerves, and the posterior snrfaee is snpplied by branehes of 
the perineal nerves and the posterior cutaneous nerves of 
the thigh. 

Gontents of the Snperfieial Perineal 
Poneh in the Male 

The snperfieial perineal pouch eontains structures form- 
ing the root of the penis, together with the mnseles that 
eover them—namely, the bulbospongiosus muscles and the 


isehioeavernosns mnseles (see Fig. 8.17). The bulbospon- 
giosus muscles, sitnated one on eaeh side of the midline 
(see Fig. 8.17), eover the bulb of the penis and the poste- 
rior portion of the corpus spongiosum. Their fimetion is 
to eompress the penile part of the nrethra and empty it of 
residnal urine or semen. The anterior fibers also eompress 
the deep dorsal vein of the penis, thus impeding the venous 
drainage of the ereetile tissue and thereby assisting in the 
proeess of ereetion of the penis. 

lschiocavemosus Muscles 

The isehioeavernosns mnseles eover the crus penis on eaeh 
side (see Fig. 8.17). The aetion of eaeh muscle is to eom- 
press the crus penis and assist in the proeess of ereetion of 
the penis. 

SuperficialTransverse Perineal Muscles 

The snperfieial transverse perineal mnseles lie in the pos- 
terior part of the snperfieial perineal pouch (see Fig. 8.17). 
Eaeh muscle arises from the isehial ramus and is inserted 
into the perineal body. The fimetion of these mnseles is to 
fix the perineal body in the eenter of the perinenm. 

Nerve Supply 

All the mnseles of the snperfieial perineal pouch are sup- 
plied by the perineal braneh of the pndendal nerve. 

Perineal Body 

This small mass of fibrons tissue is attaehed to the eenter of 
the posterior margin of the nrogenital diaphragm (see Figs. 
8.12 and 8.17). It serves as a point of attaehment for the fol- 
lowing mnseles: external anal sphineter, bulbospongiosus 
muscle, and snperfieial transverse perineal mnseles. 

Perineal Braneh of the Pudendal Nerve 

The perineal braneh of the pndendal nerve on eaeh side 
terminates in the snperfieial perineal pouch by supplying 
the mnseles and skin (see Fig. 8.8). 

Gontents of the Deep Perineal Poneh 
in the Male 

The deep perineal pouch eontains the membranons part 
of the nrethra, the sphineter nrethrae, the bulbourethral 
glands, the deep transverse perineal mnseles, the internal 
pndendal vessels and their branehes, and the dorsal nerves 
of the penis. 

Membranous Part of the Llrethra 

The membranons part of the nrethra is about 0.5 in. 
(1.3 em) long and lies within the nrogenital diaphragm, 
surrounded by the sphineter nrethrae muscle; it is continu- 
ous above with the prostatie urethra and below with the 
penile nrethra. It is the shortest and least dilatable part of 
the nrethra (see Fig. 8.14). 

Sphineter Llrethrae Muscle 

The sphineter nrethrae muscle surrounds the nrethra in the 
deep perineal pouch. It arises from the pubic areh on the 
two sides and passes medially to eneirele the nrethra (see 
Fig. 8.14). 
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Nerve Supply 

The perineal braneh of the pndendal nerve snpplies the 
sphineter. 

Aetion 

The mnsele eompresses the membranons part of the ure- 
thra and relaxes during mietnrition. It is the means by 
which mietnrition ean be volnntarily stopped. 

Bulbourethral Glands 

The bulbourethral glands are two small glands that lie 
beneath the sphineter nrethrae muscle (see Fig. 8.14). Their 
ducts pieree the perineal membrane (inferior faseial layer 
of the nrogenital diaphragm) and enter the penile portion 
of the nrethra. The seeretion is poured into the nrethra as a 
result of erotie stimulation. 

DeepTransverse Perineal Muscles 

The deep transverse perineal mnseles lie posterior to the 
sphineter nrethrae muscle. Eaeh muscle arises from the 
isehial ramus and passes medially to be inserted into the 
perineal body. These mnseles are elinieally nnimportant. 

Internal Pudendal Artery 

The internal pndenal artery (see Fig. 8.14) on eaeh side enters 
the deep perineal pouch and passes forward, giving rise to 
the artery to the bulb of the penis; the arteries to the crura 
of the penis (deep artery of penis); and the dorsal artery of 
the penis, which snpplies the skin and faseia of the penis. 

Dorsal Nerve of the Penis 

The dorsal nerve of the penis on eaeh side passes forward 
throngh the deep perineal pouch and snpplies the skin of 
the penis (see Fig. 8.14). 

Ereetion of the Penis 

Ereetion in the male is gradnally built up as a consequence of 
varions sexual stimuli. Pleasurable sight, sound, smell, and 
other psyehie stimnli, fortified later by direet touch sensory 
stimnli from the general body skin and genital skin, result 
in a bombardment of the eentral nervons system by afferent 
stimnli. Efferent nervons impnlses pass down the spinal eord 
to the parasympathetie outfiow in the seeond, third, and 
fourth saeral segments. The parasympathetie preganglionie 
fibers enter the inferior hypogastrie plexuses and synapse on 
the postganglionie nenrons. The postganglionie fibers join 
the internal pndendal arteries and are distribnted along their 
branehes, which enter the ereetile tissue at the root of the 
penis. Vasodilatation of the arteries now occurs, producing a 
great inerease in blood fiow throngh the blood spaees of the 
ereetile tissue. The eorpora eavernosa and the corpus spon- 
giosum beeome engorged with blood and expand, eom- 
pressing their draining veins against the surrounding faseia. 
By this means, the outfiow of blood from the ereetile tissue 
is retarded so that the internal pressnre is fnrther aeeentn- 
ated and maintained. The penis thus inereases in length and 
diameter and assnmes the ereet position. 

Onee the climax of sexual excitement is reaehed and 
ejaenlation takes plaee, or the excitement passes off or is 
inhibited, the arteries snpplying the ereetile tissue undergo 
vasoeonstrietion. The penis then retnrns to its fiaeeid state. 


Ej aculation 

During the inereasing sexual excitement that occurs dur- 
ing sex play, the external nrinary meatus of the glans penis 
beeomes moist as a result of the seeretions of the bulboure- 
thral glands. 

Frietion on the glans penis, reinforeed by other afferent 
nervons impnlses, resnlts in a diseharge along the sympa- 
thetie nerve fibers to the smooth muscle of the duct of the 
epididymis and the vas deferens on eaeh side, the seminal 
vesieles, and the prostate. The smooth muscle eontraets, 
and the spermatozoa, together with the seeretions of the 
seminal vesieles and prostate, are diseharged into the pros- 
tatie nrethra. The fluid now joins the seeretions of the bul- 
bourethral glands and penile nrethral glands and is then 
ejeeted from the penile nrethra as a result of the rhythmie 
eontraetions of the bulbospongiosus muscles, which eom- 
press the urethra. Meanwhile, the sphineter of the bladder 
eontraets and prevents a reflux of the spermatozoa into the 
bladder. The spermatozoa and the seeretions of the several 
aeeessory glands eonstitnte the seminal fluid, or semen. 

At the climax of male sexual excitement, a mass diseharge 
of nervons impnlses takes plaee in the eentral nervons sys- 
tem. Impnlses pass down the spinal eord to the sympathetie 
outflow (T1 to L2). The nervous impulses that pass to the 
genital organs are thonght to leave the eord at the first and 
seeond lumbar segments in the preganglionie sympathetie 
fibers. Many of these fibers synapse with postganglionie 
nenrons in the first and seeond lumbar ganglia. Other fib- 
ers may synapse in ganglia in the lower lumbar or pelvie 
parts of the sympathetie trunks. The postganglionie fibers 
are then distribnted to the vas deferens, the seminal vesi- 
eles, and the prostate via the inferior hypogastrie plexuses. 

Male IJrethra 

The male urethra is about 8 in. (20 em) long and extends 
from the neek of the bladder to the external meatus on the 
glans penis (see Fig. 8.4). It is divided into three parts: pro- 
statie, membranons, and penile. 

The prostatie urethra is deseribed on page 278. It is 
about 1.25 in. (3 em) long and passes throngh the prostate 
from the base to the apex (see Fig. 8.14). It is the widest and 
most dilatable portion of the nrethra. 

The membranous urethra is about 0.5 in. (1.25 em) 
long and lies within the nrogenital diaphragm, surrounded 
by the sphineter nrethrae muscle. It is the least dilatable 
portion of the nrethra (see Fig. 8.14). 

The penile nrethra is about 6 in. (15.75 em) long and 
is enelosed in the bulb and the corpus spongiosum of the 
penis (see Figs. 8.4, 8.14,8.16, and 8.17). The external mea- 
tus is the narrowest part of the entire nrethra. The part of 
the nrethra that lies within the glans penis is dilated to form 
the fossa terminalis (navienlar fossa) (see Fig. 8.4). The 
bulbourethral glands open into the penile nrethra below 
the nrogenital diaphragm. 

eontents of the Female IJrogenital 
Triangle 

In the female, the triangle eontains the external genitalia 
and the orifiees of the nrethra and the vagina. 
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Cìrcumcìsìon 

Circumcision is the operation of removing the greater part of 
the prepuce, or foreskin. In many nevvborn males, the prepuce 
eannot be retraeted overthe glans. This ean result in infeetion 
of the seeretions beneath the prepuce, leading to inflammation, 
svvelling, and fibrosis of the prepuce. Repeated inflammation 
leads to eonstrietion of the orifiee of the prepuce (phimosis) 
vvith obstruction to urination. It is novv generally believed that 
ehronie inflammation of the prepuce predisposes to eareinoma 
of the glans penis. Forthese reasons, prophylaetie circumcision 
is eommonly praetieed. For Jevvs, it is a religious rite. 

eatheterization of the Male 

The follovving anatomie faets should be remembered before 
passing a eatheter or other instrument along the male urethra: 

■ The external orifiee atthe glans penis isthe narrovvest partof 
the entire urethra. 

■ VVithin the glans, the urethra dilates to form the fossa termi- 
nalis (navicular fossa). 

■ Near the posterior end of the fossa, a fold of mucous mem- 
brane projeets into the lumen from the roof (see Fig. 8.13). 

■ The membranous part of the urethra is narrovv and fixed. 

■ The prostatie part of the urethra is the vvidest and most dilat- 
able part of the urethra. 

■ By holding the penis upvvard, the S-shaped curve to the ure- 
thra is eonverted into a J-shaped curve. 

If the point of the eatheter passes through the external orifiee 
and is then direeted tovvard the urethral floor until it has passed 
the mucosal fold, it should easily pass along a normal urethra 
into the bladder. 

Anatomy of the Proeednre of Gatheterization 

The procedure is as follovvs: 

1. The patient lies in a supine position. 

2. VVith gentle traetion, the penis is held ereet at right angles 
to the anterior abdominal vvall. The lubricated eatheter is 
passed through the narrovv external urethral meatus. The 
eatheter should pass easily along the penile urethra. On 
reaehing the membranous part of the urethra, a slight resis- 
tanee is felt because of the tone of the urethral sphineter and 
the surrounding rigid perineal membrane. 

3. The penis is then lovvered tovvard the thighs, and the eatheter 
is gently pushed through the sphineter. 


4. Passage of the eatheter through the prostatie urethra and 
bladder neek should not present any difficulty. 

IJrethral infeetìon 

The most dependent part of the male urethra is that vvhieh lies 
vvithin the bulb. Here, it is subject to ehronie inflammation and 
stricture formation. 

The many glands that open into the urethra—including those 
of the prostate, the bulbourethral glands, and many small penile 
urethral glands—are eommonly the site of ehronie gonoeoeeal 
infeetion. 

Injuries to the penis may occur as the result of blunt trauma, 
penetrating trauma, or strangulation. Amputation of the entire 
penis should be repaired by anastomosis using microsurgical 
techniques to restore continuity of the main blood vessels. 


Rupture of the IJrethra 

Rupture of the urethra may eomplieate a severe blovv on the 
perineum. The eommon site of rupture is vvithin the bulb of the 
penis, just belovvthe perineal membrane.The urine extravasates 
into the superficial perineal pouch and then passes forvvard over 
the scrotum beneath the membranous layer of the superficial 
faseia, as deseribed in Ghapter 4. If the membranous part of the 
urethra is ruptured, urine eseapes into the deep perineal pouch 
and ean extravasate upvvard around the prostate and bladder or 
dovvnvvard into the superficial perineal pouch. 


Ereetìon and Ejaenlatìon after Spìnal Cord Injnrìes 

Ereetion of the penis is eontrolled by the parasympathetie nerves 
that originate from the 2nd, 3rd, and 4th saeral segments of the 
spinal eord. Bilateral damage to the reticulospinal nerve traets 
in the spinal eord vvill result in loss of ereetion. Later, vvhen the 
effeets of spinal shoek have disappeared, spontaneous or reflex 
ereetion may occur if the saeral segments of the spinal eord 
are intaet. 

Ejaculation is eontrolled by sympathetie nerves that origi- 
nate in the Ist and 2nd lumbar segments of the spinal eord. As in 
the ease of ereetion, severe bilateral damage to the spinal eord 
results in loss of ejaculation. Later, reflex ejaculation may be 
possible in patients vvith spinal eord transeetions in the thoraeie 
or eervieal regions. 


Scrotum 

See page 131. 



eiitoris 

Loeatìon and Deseription 

The elitoris, which eorresponds to the penis in the male, 
is sitnated at the apex of the vestibnle anteriorly. It has a 
strnetnre similar to the penis. The glans of the elitoris is 
partly hidden by the prepnee. 


Root of the eiìtoris 

The root of the elitoris is made up of three masses of eree- 
tile tissue ealled the bulb of the vestibule and the right and 
left crura of the elitoris (Figs. 8.15 and 8.18). 

The bulb of the vestibule eorresponds to the bulb of 
the penis, but because of the presenee of the vagina, it is 
divided into two halves (see Fig. 8.18). It is attaehed to the 
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FIGLIRE 8.18 Root and body of the elitoris and the perineal myseles. 


undersurface of the urogenital diaphragm and is eovered 
by the bulbospongiosus muscles. 

The crura of the elitoris eorrespond to the crura of the 
penis and beeome the eorpora eavernosa anteriorly. Eaeh 
remains separate and is eovered by an ischiocavernosus 
muscle (see Fig. 8.18). 

Body of the eiitoris 

The body of the elitoris eonsists of the two eorpora eav- 
ernosa eovered by their isehioeavernosns mnseles. The 
corpus spongiosum of the male is represented by a small 
amount of ereetile tissue leading from the vestibnlar bulbs 
to the glans. 

Glans of the eiitoris 

The glans of the elitoris is a small mass of ereetile tissue that 
eaps the body of the elitoris. It is provided with numerous 
sensory endings. The glans is partly hidden by the prepnee. 

Blood Supply, Lymph Drainage, 
and Nerve Supply 

The blood supply, lymph drainage, and nerve supply are 
similar to those of the penis. 

Gontents of the Snperfieial Perineal 
Poneh in the Female 

The snperfieial perineal pouch eontains structures forming 
the root of the elitoris and the mnseles that eover them, 
namely, the bulbospongiosus muscles and the isehioeaver- 
nosus muscles (see Figs. 8.15 and 8.18). 


Bulbospongiosus Muscle 

The bulbospongiosus muscle surrounds the orifiee of the 
vagina and eovers the vestibnlar bulbs. Its fibers extend for- 
ward to gain attaehment to the eorpora eavernosa of the 
elitoris. The bulbospongiosus muscle reduces the size of the 
vaginal orifiee and eompresses the deep dorsal vein of the 
elitoris, thereby assisting in the meehanism of ereetion in 
the elitoris. 

lschiocavernosus Muscle 

The isehioeavernosns muscle on eaeh side eovers the crus 
of the elitoris. Gontraetion of this muscle assists in eansing 
the ereetion of the elitoris. 

SuperficialTransverse Perineal Muscles 

The snperfieial transverse perineal mnseles are identieal in 
structure and fimetion to those of the male. 

Nerve Supply 

All the mnseles of the snperfieial perineal pouch are sup- 
plied by the perineal braneh of the pndendal nerve. 

Perineal Body 

The perineal body is larger than that of the male and is 
elinieally important. It is a wedge-shaped mass of fibrons 
tissue situated between the lower end of the vagina and the 
anal eanal (see Figs. 8.4 and 8.18). It is the point of attaeh- 
ment of many perineal mnseles (as in the male), inelnding 
the levatores ani mnseles; the latter assist the perineal body 
in snpporting the posterior wall of the vagina. 
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Perineal Braneh of Pudendal Nerve 

The perineal braneh of the pndendal nerve on eaeh side 
terminates in the snperfieial perineal poneh by snpplying 
the mnseles and skin (see Fig. 8.8). 

Gontents of the Deep Perineal Poneh 
in the Female 

The deep perineal poneh (see Fig. 8.15) eontains part of the 
nrethra; part of the vagina; the sphineter nrethrae, which is 
piereed by the nrethra and the vagina; the deep transverse 
perineal mnseles; the internal pndendal vessels and their 
branehes; and the dorsal nerves of the elitoris. 


The nrethra and the vagina are deseribed on pages 324 
and 325. 

The sphineter nrethrae and the deep transverse per- 
ineal mnseles are deseribed on page 319 and 320. The 
internal pndendal vessels and the dorsal nerves of the 
elitoris have an arrangement similar to the eorresponding 
strnetnres fonnd in the male. 

A snmmary of the mnseles of the perinenm, their nerve 
snpply, and their aetion is given in Table 8.1. 

Ereetion of the ditoris 

Sexual excitement produces engorgement of the ereetile tissue 
within the elitoris in exactly the same manner as in the male. 


TABLE 



Muscles of Perineum 


Muscle 

Origin 

Insertion 

Nerve Snpply 

* 

Aetion 

External Anal Sphineter Muscles 

Subcutaneous part Eneireles anal eanal, no 

bony attaehments 


Inferior reetal nerve and 
perineal braneh of 
fourth saeral nerve 

Togethervvith puborec- 
talis muscle forms 
voluntary sphineter of 
anal eanal 

Superficial part 

Perineal body 

Coccyx 



Deep part 

Eneireles anal eanal, no 
bony attaehments 




Puborectalis (part of 
levator ani) 

Pubic bones 

Sling around junction 
of rectum and anal 
eanal 

Perineal braneh of 
fourth saeral nerve 
and from perineal 
braneh of pudendal 
nerve 

Togethervvith external 
anal sphineter forms 
voluntary sphineter 
for anal eanal 

Male Llrogenital Mnseles 

Bulbospongiosus 

Perineal body 

Faseia of bulb of penis 
and corpus spongio- 
sum and cavernosum 

Perineal braneh of 
pudendal nerve 

Gompresses urethra 
and assists in eree- 
tion of penis 

lschiocavernosus 

isehial tuberosity 

Faseia eovering corpus 
cavernosum 

Perineal braneh of 
pudendal nerve 

Assists in ereetion of 
penis 

Sphineter urethrae 

Pubic areh 

Surrounds urethra 

Perineal braneh of 
pudendal nerve 

Voluntary sphineter of 
urethra 

Superficial transverse 
perineal muscle 

isehial tuberosity 

Perineal body 

Perineal braneh of 
pudendal nerve 

Fixes perineal body 

Deep transverse per- 
ineal muscle 

isehial ramus 

Perineal body 

Perineal braneh of 
pudendal nerve 

Fixes perineal body 

Female IJrogenital Mnseles 

Bulbospongiosus Perineal body 

Faseia of corpus eaver- 
nosum 

Perineal braneh of 
pudendal nerve 

Sphineter of vagina and 
assists in ereetion of 
elitoris 

lschiocavernosus 

isehial tuberosity 

Faseia eovering corpus 
cavernosum 

Perineal braneh of 
pudendal nerve 

Causes ereetion of 
elitoris 

Sphineter urethrae 

Same as in male 




Superficial transverse 
perineal muscle 

Same as in male 




Deep transverse per- 
ineal muscle 

Same as in male 
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Orgasm in the Female 

As in the male, vision, hearing, smell, toneh, and other 
psyehie stimnli gradnally bnild up the intensity of sexual 
excitement. During this proeess, the vaginal walls beeome 
moist beeanse of transndation of finid throngh the eon- 
gested mucous membrane. In addition, the greater ves- 
tibnlar glands at the vaginal orifiee seerete a inbrieating 
mucus. 

The upper part of the vagina, which resides in the pel- 
vie eavity, is snpplied by the hypogastrie plexuses and is 
sensitive only to streteh. The region of the vaginal orifiee, 
the labia minora, and the elitoris are extremely sensitive to 
touch and are snpplied by the ilioingninal nerves and the 
dorsal nerves of the elitoris. 

Appropriate sexual stimulation of these sensitive areas, rein- 
foreed by afferent nervons impnlses from the breasts and other 
regions, resnlts in a climax of pleasnrable sensory impnlses 
reaehing the eentral nervons system. Impnlses then pass down 
the spinal eord to the sympathetie outfiow (TI to L2). 

The nervous impulses that pass to the genital organs are 
thonght to leave the eord at the first and seeond lumbar 
segments in preganglionie sympathetie fibers. Many of 
these fibers synapse with postganglionie nenrons in the Ist 
and 2nd lumbar ganglia; other fibers may synapse in gan- 


glia in the lower lumbar or pelvie parts of the sympathetie 
trunks. The postganglionie fibers are then distribnted to 
the smooth muscle of the vaginal wall, which rhythmi- 
eally eontraets. In addition, nervons impnlses travel in 
the pndendal nerve (S2, 3, and 4) to reaeh the bnlbospon- 
giosus and isehioeavernosns mnseles, which also nndergo 
rhythmie eontraetion. In many women, a single orgasm 
brings about sexual eontentment, but other women require 
a series of orgasms to feel replete. 

Female LJrethra 

The female urethra is about 1.5 in. (3.8 em) long. It extends 
from the neek of the bladder to the external meatns, where 
it opens into the vestibnle about 1 in. (2.5 em) below the 
elitoris (see Figs. 8.4 and 8.18). It traverses the sphineter 
nrethrae and lies immediately in front of the vagina. At the 
sides of the external nrethral meatus are the small openings 
of the ducts of the paraurethral glands. The nrethra ean be 
dilated relatively easily. 

Paraurethral Glands 

The paranrethral glands, which eorrespond to the prostate 
in the male, open into the vestibnle by small ducts on either 
side of the nrethral orifiee (Fig. 8.19). 
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FIGURE8.19 Vulva (A). Note the different appearanees of the hymen in a virgin (B), a vvoman vvho has had sexual intercourse 
(0, and a multiparous vvoman (D). 
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Greater Vestibular Glands 

The greater vestibiilar glands are a pair of small mucus- 
seereting glands that lie under eover of the posterior parts of 
the bulb of the vestibule and the labia majora (see Figs. 8.15 
and 8.18). Eaeh dr ains its seeretion into the vestibnle by a small 
duct, which opens into the groove between the hymen and 
the posterior part of the labium minus (see Fig. 8.19). These 
glands seerete a inbrieating mucus during sexual intercourse. 

Vagina 

Loeation and Deseription 

The vagina not only is the female genital eanal but also 
serves as the excretory duct for the menstrual f[ow from 
the uterus and forms part of the birth eanal. This muscular 
tube extends upward and backward between the vulva and 
the uterus (see Fig. 8.4). It measmes about 3 in. (8 em) long. 
The cervix of the uterus pierees its anterior wall. The vagi- 
nal orifiee in a virgin possesses a thin mneosal fold, ealled 
the hymen, which is perforated at its eenter. The upper half 
of the vagina lies above the pelvie fioor within the pelvis 
between the bladder anteriorly and the rectum posteriorly; 
the lower half lies within the perinenm between the nrethra 
anteriorly and the anal eanal posteriorly (see Fig. 8.18). 

Sypports of theVagina 

■ Upper third: Levatores ani mnseles and transverse eer- 
vieal, pnboeervieal, and saeroeervieal ligaments 

■ Middle third: Urogenital diaphragm 

■ Lower third: Perineal body 

Blood Supply 

Arteries 

The vaginal artery, a braneh of the internal iliae artery, and 
the vaginal braneh of the nterine artery supply the vagina. 


Veins 

Vaginal veins drain into the internal iliae veins. 

Lymph Drainage 

■ Upper third: Internal and external iliae nodes 

■ Middle third: Internal iliae nodes 

■ Lower third: Snperfieial ingninal nodes 

Nerve Supply 

The vagina is snpplied by nerves from the inferior hypogas- 
trie plexuses. 

Vulva 

The term vulva is the eolleetive name for the female exter- 
nal genitalia and inelndes the mons pubis, labia majora and 
minora, the elitoris, the vestibnle of the vagina, the vestibn- 
lar bulb, and the greater vestibnlar glands. 

Blood Supply 

Branehes of the external and internal pndendal arteries on 
eaeh side. 

The skin of the vulva is drained into the medial group of 
superficial inguinal nodes. 

Lymph Drainage 

Medial group of superficial inguinal nodes. 

Nerve Supply 

The anterior parts of the vulva are supplied by the ilioin- 
guinal nerves and the genital braneh of the genitofemoral 
nerves. The posterior parts of the vulva are supplied by the 
branehes of the perineal nerves and the posterior cutane- 
ous nerves of the thigh. 



e L I N I e A L N 0 T E S 


Vulval infeetion 

In the region of the vulva, the presenee of numerous glands and 
ducts opening onto the surface makes this area prone to infee- 
tion. The sebaceous glands of the labia majora, the ducts of the 
greater vestibular glands, the vagina (with its indireet communi- 
eation with the peritoneal eavity), the urethra, and the paraure- 
thral glands ean all beeome infeeted. The vagina itself has no 
glands and is lined with stratified squamous epithelium. Provided 
that the pH of its interior is kept low, it is eapable of resisting 
infeetion to a remarkable degree. 

The Vulva and Pregnaney 

An important sign in the diagnosis of pregnaney is the appear- 
anee of a bluish diseoloration of the vulva and vagina as a result 
of venous eongestion. It appears at the 8th to 12th week and 
inereases as the pregnaney progresses. 


IJrethral infeetion 

The short length of the female urethra predisposes to aseending 
infeetion; consequently, eystitis is more eommon in females than 
in males. 

IJrethral Injnries 

Because of the short length of the urethra, injuries are rare. In 
fractures of the pelvis, the urethra may be damaged by shearing 
forees as it emerges from the fixed urogenital diaphragm. 

Gatheterization 

Because the female urethra is shorter, wider, and more dilat- 
able, eatheterization is much easierthan in males. Moreover, the 
urethra is straight, and only minor resistanee is felt as the eath- 
eter passes through the urethral sphineter. 


(continued) 
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Vaginal Examínation 


Pndendal Nerve Bloek 


Digital examination of the vagina may provide the physieian with 
much valuable information eoneerning the health of the vaginal 
walls, the uterus, and the surrounding structures (see Fig. 8.4). 
Thus, the anatomie relations of the vagina must be known; they 
are eonsidered in detail in Chapter7. 

Injnry to the Perinenm dnring Ghildbirth 

The perineal body is a wedge of fibromuscular tissue that lies 
betweenthe lower partofthe vagina andthe anal eanal. Itis held 
in position by the insertion of the perineal muscles and by the 
attaehment of the levator ani muscles. In the female, it is a much 
larger structure than in the male, and it serves to support the 
posterior wall of the vagina. Damage by laeeration during ehild- 
birth ean be followed by permanent weakness of the pelvie floor. 

Few women eseape some injury to the birth eanal during 
delivery. In most, this is little more than an abrasion of the pos- 
terior vaginal wall. Spontaneous delivery of the ehild with the 
patient unattended ean result in a severe tear of the lower third 
of the posterior wall of the vagina, the perineal body, and overly- 
ing skin. In severe tears, the laeerations may extend backward 
into the anal eanal and damage the external sphineter. In these 
eases, it is imperative that an accurate repair of the walls of the 
anal eanal, vagina, and perineal body be undertaken as soon as 
possible. 

In the management of ehildbirth, when it is obvious to the 
obstetrieian that the perineum will tear before the baby's head 
emerges through the vaginal orifiee, a planned surgical ineision 
is made through the perineal skin in a posterolateral direetion 
to avoid the anal sphineters. This procedure is known as an 
episiotomy (see Fig. 8.4). Breeeh deliveries and foreeps deliver- 
ies are usually preeeded by an episiotomy. 


Area of Anesthesia 

The area anesthetized is the skin of the perineum; this nerve 
bloek does not, however, abolish sensation from the anterior 
part of the perineum, which is innervated by the ilioinguinal 
nerve and the genitofemoral nerve. Needless to say, it does not 
abolish pain from uterine eontraetions that aseend to the spinal 
eord via the sympathetie afferent nerves. 

indieations 

During the seeond stage of a difficult labor, when the pre- 
senting part of the fetus, usually the head, is deseending 
through the vulva, foreeps delivery and episiotomy may be 
neeessary. 

Transvaginal Proeednre 

The bony landmark used is the isehial spine (Fig. 8.20). The index 
finger is inserted through the vagina to palpate the isehial spine. 
The needle of the syringe is then passed through the vaginal 
mucous membrane toward the isehial spine. On passing through 
the sacrospinous ligament, the anesthetie solution is injeeted 
around the pudendal nerve (see Fig. 8.20). 

Perìneal Proeednre 

The bony landmark is the isehial tuberosity (see Fig. 8.20). The 
tuberosity is palpated subcutaneously through the buttock, 
and the needle is introduced into the pudendal eanal along the 
medial side of the tuberosity. The eanal lies about 1 in. (2.5 em) 
deep to the free surface of the isehial tuberosity. The loeal anes- 
thetie isthen infiltrated aroundthe pudendal nerve. 
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FIGURE8.20 Pudendal nerve bloek. 7, Transvaginal method.The needle is passed through the vaginal mucous membrane 
tovvard the isehial spine. After the needle is passed through the sacrospinous ligament, the anesthetie solution is injeeted 
around the pudendal nerve. 2 , Perineal method.The isehial tuberosity is palpated subcutaneously through the buttock. The 
needle is inserted on the medial side of the isehial tuberosity to a depth of about 1 in. (2.5 em) from the free surface of the 
tuberosity. The anesthetie is injeeted around the pudendal nerve. 
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FIGURE8.21 The developnnent of the external genitalia in the female and male 



E M B R Y 0 L 0 G I e N 0 T E S 


Development of the External Genìtalia 

Early in development, the embryonie mesenehyme grovvs around 
the eloaeal membrane and causes the overlying eetoderm to be 
raised up to form three svvellings. One svvelling occurs betvveen 
the eloaeal membrane and the umbilical eord in the midline and 
is ealled the genital tnberele (Fig. 8.21). On eaeh side of the 
membrane, another svvelling, ealled the genital fold, appears. At 
the 7th vveek, the genital tubercle elongates to form the glans. 
The anterior part of the eloaeal membrane, the nrogenital mem- 
brane, novv ruptures so thatthe urogenital sinus opens onto the 
surface. The entodermal eells of the urogenital sinus proliferate 
and grovv into the root of the phallus, forming a nretbral plate. 
Meanvvhile, a seeond pair of lateral svvellings, ealled the genital 
swellings, appears lateral to the genital folds. At this stage of 
development, the genitalia of the two sexes are identieal. 

Male Genitalia 

In the male, the phallus now rapidly elongates and pulls the 
genital folds anteriorly onto its ventral surface so that they form 
the lateral edges of a groove, the nretbral groove (Fig. 8.22). The 



floor of the groove is formed by the entodermal nretbral plate. 
The penile urethra develops as the result of the two genital folds 
fusing together progressively along the shaft of the phallus to the 
root of the glans penis. During the 4th month, the remainder of 
the urethra in the glans is developed from a bud of eetodermal 
eells from the tip of the glans. This eord of eells later beeomes 
eanalized so thatthe penile urethra opens atthe tip of the glans. 

The prepnee or foreskin is formed from a fold of skin at 
the base of the glans (see Figs. 8.21 and 8.22). The fold of skin 
remains tethered to the ventral aspeet of the root of the glans to 
form the frennlnm. The ereetile tissne —the corpus spongiosum 
and the eorpora eavernosa—develops within the mesenehymal 
eore of the penis. 


Female Genitalia 

The ehanges in the female are less extensive than those in the 
male. The phallus beeomes bent and forms the elitoris (see Fig. 
8.21). The genital folds do not fuse to form the urethra, as in the 
male, but develop into the labia minora. The labia majora are 
formed bythe enlargement ofthe genital swellings. 


(continuedl 
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Meatal Stenosis 

The external urinary meatus normally is the narrovvest part of the 
male urethra, but oeeasionally the opening is excessively small 
and may cause baek pressure effeet on the entire urinary system. 
In severe eases, dilatation of the orifiee by ineision is neeessary. 


Hypospadias 

Hypospadias is the most eommon eongenital anomaly affeeting 
the male urethra. The external meatus is situated on the ventral 
or undersurface of the penis anyvvhere betvveen the glans and 
the perineum. Five degrees of severity may occur, the first of 
vvhieh is the most eommon: (1) glandular, (2) eoronal, (3) penile, 
(4) penoserotal, and (5) perineal (Fig. 8.23). In all exceptthe first 
type, the penis is curved in a dovvnvvard or ventral direetion, a 
eondition referred to as ehordee. 

Types 1 and 2 are caused by a failure of the bud of eetoder- 
mal eells from the tip of the glans to grovv into the substance of 
the glans and join the entodermal eells lining the penile urethra. 
Types 3, 4, and 5 are caused by a failure of the genital folds to 


unite on the undersurface of the developing penis and so eon- 
vertthe urethral groove into the penile urethra. Inthe penosero- 
tal variety, the genital svvellings fail to fuse eompletely, so that 
the meatal orifiee occurs in the midline of the scrotum. Type 1 
requires no treatment; for the remainder, plastie surgery is nee- 
essary. 


Epispadias 

Epispadias is a relatively rare eondition and is more eommonly 
found in the male. In the male, the external meatus is situated on 
the dorsal or upper surface of the penis betvveen the glans and 
the anterior abdominal vvall (Fig. 8.24). The most severe type is 
assoeiated vvith exstrophy of the bladder (see page XXX). In the 
female, the urethra is split dorsally and is assoeiated vvith a dou- 
ble elitoris. ltisthoughtthatepispadias is caused byfailure ofthe 
embryonie mesenehyme to develop in the lovver part of the ante- 
rior abdominal vvall, so that vvhen the eloaeal membrane breaks 
dovvn the urogenital sinus opens onto the surface of the eranial 
aspeet of the penis. Plastie surgery is the required treatment. 
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FIGURE 8.22 The developnnent of the penile portion of the male urethra. 
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FIGURE8.23 Types of hypospadias: ( 1 ) glandular, ( 2 ) eoronal, 
(3) penile, (4) penoserotal, and (5) perineal. Ventral flexion 
(ehordee) of the penis also is present. 


Radiographig Anatomy 


The radiographie anatomy of the bones forming the 
bonndaries of the perinenm is shown in Fignres 7.39, 7.41, 
and 7.43. A eystonrethrogram of the male nrethra is shown 
in Fignres 8.25 and 8.26. 



SURFACE AnATOMY 


The perinenm when seen from below with the thighs 
abdneted (see Fig. 8.2) is diamond shaped and is bonnded 
anteriorly by the symphysis pubis, posteriorly by the tip of 
the coccyx, and laterally by the isehial tuberosities. 



isehial Tuberosity 

The isehial tnberosity ean be palpated in the lower part 
of the bnttoek (see Fig. 8.3). In the standing position, the 
tnberosity is eovered by the glntens maximus. In the sit- 
ting position, the isehial tuberosity emerges from beneath 
the lower border of the gluteus maximus and snpports the 
weight of the body. 

It is enstomary to divide the perinenm into two triangles 
by joining the isehial tnberosities with an imaginary line 
(see Fig. 8.2). The posterior triangle, which eontains the 
anus, is ealled the anal triangle; the anterior triangle, which 
eontains the nrogenital orifiees, is ealled the nrogenital 
triangle. 

Anal Triangle 


Symphysis Pubis 

The symphysis pubis is the cartilaginous joint that lies in the 
midline between the bodies of the pubic bones (Figs. 8.3,8.27, 
and 8.28). It is felt as a solid structure beneath the skin in the 
midline at the lower extremity of the anterior abdominal waU. 

Coccyx 

The inferior snrfaee and tip of the coccyx ean be palpated in 
the eleft between the bnttoeks about 1 in. (2.5 em) behind 
the anus (see Fig. 8.3). 


Anus 

The anus is the lower opening of the anal eanal and lies 
in the midline. In the living, the anal margin is reddish 
brown and is pnekered by the eontraetion of the external 
anal sphineter. Around the anal margin are eoarse hairs 
(Fig. 8.29). 

Male IJrogenital Triangle 

The male nrogenital triangle eontains the penis and the 
serotnm. 
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FIGURE8.25 Cystourethrogram after intravenous injeetion of eontrast medium (28-year-old man). 
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FIGURE8.26 The main features seen in the cystourethrogram shovvn in Figure 8.25. 
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FIGURE 8.27 Anterior view of the pelvis of a 27-year-old man. 
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FIGURE 8.28 Anterior view of the pelvis of a 29-year-old woman. 
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FIGURE8.29 The perineum in a 25-year-old vvoman, inferior vievv. A. With labia together. B. With labia separated. 


Penis 

The penis eonsists of a root, a body, and a glans (see Figs. 
8.13,8.16, and 8.27). The root of thepenis eonsists of three 
masses of ereetile tissne ealled the bulb of the penis and the 
right and left crura of the penis. The bulb ean be felt on 
deep palpation in the midline of the perineum, posterior to 
the scrotum. 


The body of the penis is the free portion of the penis, 
which is snspended from the symphysis pubis. Note that 
the dorsal surface (anterior snrfaee of the flaeeid organ) 
usually possesses a snperfieial dorsal vein in the midline 
(see Fig. 8.13). 

The glans penis forms the extremity of the body of the 
penis (see Figs. 8.13, 8.16, and 8.27). At the summit of the 
glans is the external nrethral meatus. Extending from the 
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lower margin of the external meatns is a fold eonneeting the 
glans to the prepnee ealled the frenulum. The edge of the 
base of the glans is ealled the eorona (see Fig. 8.16). The pre- 
puce or foreskin is formed by a fold of skin attaehed to the 
neek of the penis. The prepuce eovers the glans for a variable 
extent, and it should be possible to retraet it over the glans. 

Scrotum 

The serotnm is a sae of skin and faseia (see Figs. 8.12 and 
8.27) eontaining the testes and the epididymides. The skin 
of the scrotum is rugose and is eovered with sparse hairs. 
The bilateral origin of the scrotum is indieated by the 
presenee of a dark line in the midline, ealled the serotal 
raphe, along the line of fusion. 

Testes 

The testes should be palpated. They are oval shaped and 
have a firm eonsisteney. They lie free within the tunica vagi- 
nalis (see Fig. 4.21) and are not tethered to the subcutane- 
ous tissue or skin. 

Epididymides 

Eaeh epididymis ean be palpated on the posterolateral snrfaee 
of the testis. The epididymis is a long, narrow, firm structure 
having an expanded upper end or head, a body, and a pointed 
tail inferiorly (see Fig. 4.21). The eordlike vas deferens 
emerges from the tail and aseends medial to the epididymis 
to enter the spermatie eord at the upper end of the serotnm. 

Female llrogenital Triangle 

Vulva 

“Vulva” is the term applied to the female external genitalia 
(see Figs. 8.19, 8.28, and 8.29). 

Mons Pubis 

The mons pubis is the rounded, hair-bearing elevation of 
skin found anterior to the pubis (see Figs. 8.19 and 8.28). 
The pubic hair in the female has an abrupt horizontal supe- 
rior margin, whereas in the male it extends upward to the 
umbilicus. 


Labia Majora 

The labia majora are prominent, hair-bearing folds of skin 
extending posteriorly from the mons pubis to unite poste- 
riorly in the midline (see Figs. 8.19 and 8.29). 

Labia Minora 

The labia minora are two smaller, hairless folds of soft skin 
that lie between the labia majora (see Fig. 8.19). Their pos- 
terior ends are united to form a sharp fold, the fourchette. 
Anteriorly, they split to enelose the elitoris, forming an 
anterior prepuce and a posterior frenulum (see Figs. 8.19 
and 8.29). 

Vestibule 

The vestibnle is a smooth triangnlar area bounded laterally 
by the labia minora, with the elitoris at its apex and the 
fonrehette at its base (see Figs. 8.19 and 8.29). 

Vaginal Orifiee 

The vaginal orifiee is proteeted in virgins by a thin mneosal 
fold ealled the hymen, which is perforated at its eenter (see 
Fig. 8.19). At the first coitus, the hymen tears, usually pos- 
teriorly or posterolaterally, and after ehildbirth only a few 
tags of the hymen remain (see Fig. 8.19). 

Orifìees of the Ducts of the Greater 
Vestihular Glands 

Small orifiees, one on eaeh side, are found in the groove 
between the hymen and the posterior part of the labium 
minus (see Fig. 8.19). 

eiitoris 

This is situated at the apex of the vestibule anteriorly (see 
Fig. 8.19). The glans of the elitoris is partly hidden by the 
prepnee (see Fig. 8.29). 


luestions 
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THE UPPER LIMB 



64-year-old vvoman fell dovvn the stairs and vvas admitted to the emergeney department vvith 
severe left shoolder pain. VVhile she vvas sitting up, her left arm vvas by her side and her left 
elbovv vvas flexed and supported by her right hand. inspeetion of the left shoulder shovved 
loss of the normal rounded curvature and evidenee of a slight svvelling belovv the left elaviele. The 
physieian then systematieally tested the cutaneous sensibility of the left upper limb and found severe 
sensory defieits involving the skin of the baek of the arm dovvn as far as the elbovv, the lovver lateral 
surface of the arm dovvn to the elbovv, the middle of the posterior surface of the forearm as far as the 
vvrist the lateral half of the dorsal surface of the hand, and the dorsal surface of the lateral three and a 
half fingers proximal to the nail beds. 

A diagnosis of subcoracoid disloeation of the left shoulder joint vvas made, eomplieated by dam- 
age to the axillary and radial nerves. The head of the humerus vvas displaeed dovvnvvard to belovv the 
eoraeoid proeess of the scapula by the initial trauma and vvas displaeed further by the pull of the mus- 
eles (subscapularis, peetoralis major). The loss of shoulder curvature vvas caused by the displaeement 
of the humerus (greater tuberosity) medially so that it no longer pushed the overlying muscle (deltoid) 
laterally. The extensive loss of skin sensation to the left upper limb vvas the result of damage to the axil- 
lary and radial nerves. 

For a physieian to be able to make a diagnosis in this ease and to be able to interpretthe elinieal 
findings, he or she must have eonsiderable knovvledge of the anatomy of the shoulder joint. Further- 
more, the physieian must knovv the relationship of the axillary and radial nerves to the joint and the 
distribution of these nerves to the parts of the upper limb. 
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m Pain, fractures, disloeations, and nerve injuries of the upper limb 
are eommonly seen by the physieian. VVrist and hand injuries 
deserve particular attention because the goal is to preserve as 
much function as possible. The pineer aetion of the thumb and 
index finger andthe unique ability ofthethumbto be dravvn aeross 
the palm to the other fingers must be preserved at all eosts. 

■ A physieian must be familiar vvith the nerves, bones, joints, 
tendons, and blood and lymphatie vessels and their anatomie 
relationships. 


■ The basie anatomy of the breast is of eonsiderable elinieal 
importanee because of the frequent development of eaneer in 
the glands and the subsequent dissemination of the malig- 
nant eells along the lymph vessels to the lymph nodes in the 
armpit. 

■ The primary eoneern of this ehapter is to present to the student 
the basie anatomy of the upper limb so that as a praetieing 
medieal professional he or she vvill be able to make an accurate 
diagnosis and initiate prompttreatment. 


Basic Anatomy 

The upper limb is a multijointed lever that is freely 
movable on the trunk at the shonlder joint. At the 
distal end of the upper limb is the important organ, 
the hand. Much of the importanee of the hand depends 
on the pineer-like aetion of the thumb, which enables 
one to grasp objeets between the thumb and index 
finger. 

The upper limb is divided into the shonlder (jnnetion 
of the trunk with the arm), arm, elbow, forearm, wrist, and 
hand. 


The Peetoral Region and the Axilla 

The Breasts 

The breasts, althongh strietly speaking, are not anatomi- 
eally part of the upper limb; they are situated in the peeto- 
ral region and their blood supply and lymphatie drainage 
is largely into the armpit. Their elinieal importanee eannot 
be overemphasized. 

Loeation and Deseription 

The breasts are speeialized aeeessory glands of the skin that 
seerete milk (Fig. 9.1). They are present in both sexes. In 
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FIGURE 9.1 Mature breast in the female. A. Anterior view with skin partially removed to show internal structure. B. Sagittal 
seetion. e.The axillary tail, which pierees the deep faseia and extends into the axilla. 


males and immatnre females, they are similar in strnetnre. 
The nipples are small and snrronnded by a eolored area of 
skin ealled the areola. The breast tissne eonsists of a sys- 
tem of dnets embedded in eonneetive tissne that does not 
extend beyond the margin of the areola. 

Pyberty 

At pnberty in females, the breasts gradnally enlarge and 
assnme their hemispherieal shape nnder the infinenee of 
the ovarian hormones (Fig. 9.1). The dnets elongate, but 
the inereased size of the glands is mainly from the depo- 
sition of fat. The base of the breast extends from the 2nd 
to 6th rib and from the lateral margin of the sternum to 
the midaxillary line. The greater part of the gland lies in 
the snperfìeial faseia. A small part, ealled the axillary tail 
(Fig. 9.1), extends upward and laterally, pierees the deep 
faseia at the lower border of the peetoralis major muscle, 
and enters the axilla. 

Eaeh breast eonsists of 15 to 20 lobes, which radiate 
out from the nipple. The main duct from eaeh lobe opens 
separately on the summit of the nipple and possesses a 
dilated ampulla just before its termination. The base of 
the nipple is surrounded by the areola (Fig. 9.1). Tiny 
tnbereles on the areola are prodneed by the nnderlying 
areolar glands. 

The lobes of the gland are separated by fibrons septa 
that serve as suspensory ligaments (Fig. 9.1). Behind the 
breasts is a spaee filled by loose eonneetive tissue ealled the 

retromammary spaee (Fig. 9.1). 

Young VVonnen 

In young women, the breasts tend to protrnde forward 
from a eirenlar base. 


Pregnaney 

Early In the early months of pregnaney, there is a rapid 
inerease in length and branehing in the duct system 
(Fig. 9.2). The seeretory alveoli develop at the ends of the 
smaller ducts, and the eonneetive tissue beeomes filled with 
expanding and bndding seeretory alveoli. The vasenlarity 
of the eonneetive tissue also inereases to provide adequate 
nourishment for the developing gland. The nipple enlarges, 
and the areola beeomes darker and more extensive as 
a result of inereased deposits of melanin pigment in the 
epidermis. The areolar glands enlarge and beeome more 
aetive. 

Late During the seeond half of pregnaney, the growth 
proeess slows. The breasts, however, eontinne to enlarge, 
mostly beeanse of the distention of the seeretory alveoli 
with the fiuid seeretion ealled eolostmm. 

Postweaning Onee the baby has been weaned, 
the breasts return to their inaetive state. The remaining 
milk is absorbed, the seeretory alveoli shrink, and most 
of them disappear. The interlobnlar eonneetive tissue 
thiekens. The breasts and the nipples shrink and return 
nearly to their original size. The pigmentation of the 
areola fades, but the area never lightens to its original 
eolor. 

Postmenopayse 

After the menopanse, the breast atrophies (Fig. 9.2). Most 
of the seeretory alveoli disappear, leaving behind the ducts. 
The amount of adipose tissue may inerease or deerease. 
The breasts tend to shrink in size and beeome more pendu- 
lous. The atrophy after menopause is caused by the absenee 
of ovarian estrogens and progesterone. 
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FIGLIRE 9.2 Extent of the development of the ducts and seeretory alveoli in the breasts in both sexes at different stages of 
aetivity. 


Blood Supply 

Arteries 

The branehes to the breasts inelnde the perforating 
branehes of the internal thoraeie artery and the intereostal 
arteries. The axillary artery also snpplies the gland via its 
lateral thoraeie and thoraeoaeromial branehes. 

Veins 

The veins eorrespond to the arteries. 

Lymph Drainage 

The lymph drainage of the mammary gland is of great 
elinieal importanee beeanse of the frequent development 
of eaneer in the gland and the subsequent dissemination 
of the malignant eells along the lymph vessels to the lymph 
nodes. 

The lateral quadrants of the breast drain into the ante- 
rior axillary or peetoral group of nodes (Fig. 9.3) (sitnated 
just posterior to the lower border of the peetoralis major 
muscle). The medial quadrants drain by means of vessels 
that pieree the intereostal spaees and enter the internal 
thoraeie group of nodes (sitnated within the thoraeie eav- 
ity along the course of the internal thoraeie artery). A few 
lymph vessels follow the posterior intereostal arteries and 
drain posteriorly into the posterior intereostal nodes (sit- 
uated along the course of the posterior intereostal arter- 
ies); some vessels eommnnieate with the lymph vessels 
of the opposite breast and with those of the anterior 
abdominal wall. 




e L I N I e A L N 0 T E S 


Wìtch's Milk ín the Newborn 

VVhile the fetus is in the uterus, the maternal and plaeental 
hormones eross the plaeental barrier and cause proliferation 
of the duct epithelium and the surrounding eonneetive tissue. 
This proliferation may cause svvelling of the mammary glands 
in both sexes during the first week of life; in some eases a milky 
fluid, ealled witch's milk, may be expressed from the nipples. 
The eondition is resolved spontaneously as the maternal hor- 
mone levels in the ehild fall. 

V__ J 

Bones of the Shonlder Girdle 
and Arm 

The shoulder girdle eonsists of the elaviele and the seapnla, 
which artienlate with one another at the aeromioelavienlar 
joint. 

eiaviele 

The elaviele is a long, slender bone that lies horizontally 
aeross the root of the neek just beneath the skin. It articu- 
lates with the sternum and Ist eostal eartilage medially and 
with the aeromion proeess of the seapnla laterally (Fig. 9.5). 








338 GHAPTER 9 The Upper Limb 



Breast Examìnatìon 

The breast is one of the eommon sites of eaneer in vvomen. It 
is also the site of different types of benign tumors and may be 
subjectto acute inflammation and abseess formation. Forthese 
reasons, the elinieal personnel must be familiar vvith the devel- 
opment, structure, and lymph drainage of this organ. 

With the patient undressed to the vvaist and sitting upright, the 
breasts are first inspeeted for symmetry. Some degree of asym- 
metry is eommon and is the result of unequal breast develop- 
ment. Any svvelling should be noted. A svvelling ean be caused 
by an underlying tumor, a eyst, or abseess formation. The nipples 
should be carefully examined for evidenee of retraetion. A earei- 
noma vvithinthe breastsubstance ean cause retraetion ofthe nip- 
ple by pulling on the lactiferous ducts. The patient is then asked to 
lie dovvn so thatthe breasts ean be palpated againstthe underly- 
ing thoraeie vvall. Finally, the patient is asked to sit up again and 
raise both arms above her head. With this maneuver, a eareinoma 
tethered to the skin, the suspensory ligaments, or the lactiferous 
ducts produces dimpling of the skin or retraetion of the nipple. 


Mammography 

Mammography is a radiographie examination of the breast 
(Fig. 9.4). This technique is extensively used for sereening the 
breasts for benign and malignant tumors and eysts. Extremely 
lovv doses of x-rays are used so that the dangers are minimal, 
and the examination ean be repeated often. Its success is based 
on the faetthat a lesion measuring only a fevv millimeters in diam- 
eter ean be deteeted long before it is felt by elinieal examination. 


Supernumerary and Retraeted Nipples 

Supernumerary nipples oeeasionally occur along a line extend- 
ing from the axilla to the groin; they may or may not be asso- 
eiated vvith breasttissue (see page 339). This minor eongenital 
anomaly may result in a mistaken diagnosis of vvarts or moles. 
A long-standing retraeted nipple is a eongenital deformity 
caused by a failure in the eomplete development of the nipple. 
A retraeted nipple of reeent occurrence is usually caused by an 
underlying eareinoma pulling on the lactiferous ducts. 


The importanee of Fibrous Septa 

The interior of the breast is divided into 15 to 20 eompartments 
that radiate from the nipple by fibrous septa that extend from the 
deep surface of the skin. Eaeh eompartment eontains a lobe of 
the gland. Normally, the skin feels eompletely mobile over the 
breast substance. Flovvever, should the fibrous septa beeome 
involved in a scirrhous eareinoma or in a disease such as a 
breast abseess, vvhieh results in the production of eontraeting 
fibrous tissue, the septa vvill be pulled on, causing dimpling of 
the skin. The fibrous septa are sometimes referred to as the sus- 
pensory ligaments of the mammary gland. 

Breast Abseess 

An acute infeetion of the mammary gland may occur during 
laetation. Pathogenie baeteria gain entranee to the breast tis- 
sue through a eraek in the nipple. Because of the presenee of 
the fibrous septa, the infeetion remains loealized to one eom- 



partment or lobe to begin vvith. Abseesses should be drained 
through a radial ineision to avoid spreading of the infeetion into 
neighboring eompartments; a radial ineision also minimizes the 
damage to the radially arranged ducts. 


Lympb Draìnage and Carcìnoma of tbe Breast 

The importanee of knovving the lymph drainage of the breast in 
relation to the spread of eaneer from that organ eannot be over- 
emphasized. The lymph vessels from the medial quadrants of the 
breast pieree the 2nd, 3rd, and 4th intereostal spaees and enter 
the thorax to drain into the lymph nodes alongside the internal 
thoraeie artery. The lymph vessels from the lateral quadrants 
of the breast drain into the anterior or peetoral group of axillary 
nodes. ltfollovvs,therefore,that a eaneer occurring in the lateral 
quadrants of the breast tends to spread to the axillary nodes. 
Thoraeie metastases are difficult or impossible to treat, but the 
lymph nodes of the axilla ean be removed surgically. 

Approximately 60% of eareinomas of the breast occur in the 
upper lateral quadrant. The lymphatie spread of eaneer to the 
opposite breast, to the abdominal eavity, or into lymph nodes 
in the root of the neek is caused by obstruction of the normal 
lymphatie pathvvays by malignant eells or destruction of lymph 
vessels by surgery or radiotherapy. The eaneer eells are svvept 
along the lymph vessels and follovv the lymph stream. The 
entranee of eaneer eells into the blood vessels accounts for the 
metastases in distant bones. 

In patientsvvith loealized eaneer ofthe breast, mostsurgeons 
do a simple masteetomy or a lumpectomy, follovved by radio- 
therapy to the axillary lymph nodes and/or hormone therapy. In 
patients vvith loealized eaneer of the breast vvith early metas- 
tases in the axillary lymph nodes, most authorities agree that 
radieal masteetomy offers the best ehanee of cure. In patients in 
vvhom the disease has already spread beyond these areas (e.g., 
into the thorax), simple masteetomy, follovved by radiotherapy or 
hormone therapy, is the treatment of ehoiee. 

Radieal masteetomy is designed to remove the primary tumor 
and the lymph vessels and nodes that drain the area. This means 
that the breast and the assoeiated structures eontaining the 
lymph vessels and nodes must be removed en bloe. The excised 
mass is therefore made up of the follovving: a large area of skin 
overlying the tumor and including the nipple; all the breasttissue; 
the peetoralis major and assoeiated faseia through vvhieh the 
lymph vessels pass to the internal thoraeie nodes; the peetoralis 
minor and assoeiated faseia related to the lymph vessels passing 
to the axilla; all the fat, faseia, and lymph nodes in the axilla; and 
the faseia eovering the upper part of the rectus sheath, the serra- 
tus anterior, the subscapularis, and the latissimus dorsi muscles. 
The axillary blood vessels, the braehial plexus, and the nerves to 
the serratus anterior and the latissimus dorsi are preserved. Some 
degree of postoperative edema of the arm is likely to follovv such 
a radieal removal of the lymph vessels draining the upper limb. 

A modified form of radieal masteetomy for patients vvith 
elinieally loealized eaneer is also a eommon procedure and 
eonsists of a simple masteetomy in vvhieh the peetoral muscles 
are left intaet. The axillary lymph nodes, fat, and faseia are 
removed. This procedure removes the primary tumor and 
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permits pathologie examination of the lymph nodes for possible 
metastases. 


Carcìnoma ìn the Male Breast 

Gareinoma in the male breast aeeoonts for about 1% of all ear- 
einomas of the breast. This faet tends to be overlooked when 
examining the male patient. 


Sinee the amount of breast tissue in the male is small, the 
tumor ean usually be felt with the flat of the examining hand 
in the early stages. However, the prognosis is relatively poor 
in the male, because the eareinoma eells ean rapidly metas- 
tasize into the thorax through the small amount of intervening 
tissue. 



EMBRYOLOGie NOTES 


Development of the Breasts 

In the young embryo, a linear thiekening of eetoderm appears 
ealledthe milkridge, which extendsfromthe axilla obliquelyto the 
inguinal region. In animals, several mammary glands are formed 
along this ridge. In the human, the ridge disappears except for a 
small part in the peetoral region. This loealized area thiekens, 
beeomes slightly depressed, and sends off 15 to 20 solid eords, 
which grow into the underlying mesenehyme. Meanwhile, the 
underlying mesenehyme proliferates, and the depressed eeto- 
dermal thiekening beeomes raised to form the nipple. Atthe fifth 
month, the areola is reeognized as a circular pigmented area of 
skin around the future nipple. 

Polythelia 

Supernumerary nipples oeeasionally occur along a line eorre- 
sponding to the position of the milk ridge. They are liable to be 
mistaken for moles. 



Retraeted Nipple or Inverted Nipple 

Retraeted nipple is a failure in the development of the nipple 
during its later stages. It is important elinieally, because normal 
suckling of an infant eannottake plaee, and the nipple is prone to 
infeetion (see also page 338). 

Mieromastia 

An excessively small breast on one side oeeasionally occurs, 
resulting from laek of development. 

Maeromastia 

Diffuse hypertrophy of one or both breasts oeeasionally occurs 
at puberty in otherwise normal girls. 

Gyneeomastia 

Llnilateral or bilateral enlargement of the male breast oeeasionally 
occurs, usually at puberty. The cause is unknown, butthe eondi- 
tion is probably related to some form of hormonal imbalanee. 

___ J 
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FIGURE 9.3 Lynnph drainage of the breast. 
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FIGURE9.4 Mediolateral mammogram shovving the glandu- 
lar tissue supported by the eonneetive tissue septa. 


The elaviele aets as a strut that holds the arm away from the 
trunk. It also transmits forees from the upper limb to the 
axial skeleton and provides attaehment for mnseles. 

The medial two thirds of the elaviele is convex forward 
and its lateral third is eoneave forward. The important 
mnseles and ligaments attaehed to the elaviele are shown 
in Figure 9.6. 

Scapula 

The scapula is a flat triangular bone (Fig. 9.7) that lies on 
the posterior ehest wall between the 2nd and 7th ribs. On 
its posterior snrfaee, the spine of the seapnla projeets baek- 
ward. The lateral end of the spine is free and forms the aero- 
mion, which artienlates with the elaviele. The snperolateral 
angle of the seapnla forms the pear-shaped glenoid eavity, 
or fossa, which artienlates with the head of the humerus at 
the shoulder joint. The eoraeoid proeess projeets upward 
and forward above the glenoid eavity and provides attaeh- 
ment for mnseles and ligaments. Medial to the base of the 
eoraeoid proeess is the snpraseapnlar noteh (Fig. 9.7). 

The anterior snrfaee of the seapnla is eoneave and forms 
the shallow snbseapnlar fossa. The posterior snrfaee of the 
seapnla is divided by the spine into the snpraspinons fossa 
above and an infraspinons fossa below (Fig. 9.5). The infe- 
rior angle of the seapnla ean be palpated easily in the living 
snbjeet and marks the level of the 7th rib and the spine of 
the 7th thoraeie vertebra. 
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FIGURE 9.5 Muscle attaehments to the bones of the thorax, elaviele, scapula, and humerus. 
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Fractures of the Clavìcle 

The elaviele is a strut that holds the arm laterally so that it ean 
move freely on the trunk. Unfortunately, because of its position, 
it is exposed to trauma and transmits forees from the upper limb 
to the trunk. It is the most eommonly fraetored bone in the body. 
The fracture usually occurs as a result of a fall on the shoulder 
or outstretched hand. The foree is transmitted along the elaviele, 
vvhieh breaks at its vveakest point, the junction of the middle and 
outer thirds. After the fracture, the lateral fragment is depressed 
by the vveight of the arm, and it is pulled medially and forvvard by 
the strong adductor muscles of the shoulder joint, espeeially the 
peetoralis major. The medial end is tilted upvvard by the sterno- 
eleidomastoid muscle. 


The elose relationship of the supraclavicular nerves to the 
elaviele may result in their involvement in callus formation after 
fracture of the bone. This may be the cause of persistent pain 
overthe side of the neek. 


eompressìon of the Braehìal Plexus, Subclavìan 
Artery, and Snbelavìan Veìn by the davìele 

The interval betvveen the elaviele and the first rib in some patients 
may beeome narrovved and thus is responsible for eompression 
of nerves and blood vessels. (See discussion of thoraeie outlet 
syndrome on page 39.) 
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FIGURE 9.6 Important muscular and ligamentous attaehments to the right elaviele 
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FIGURE 9.7 Important muscular and ligamentous attaehments to the right scapula 
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The important mnsdes and ligaments attaehed to the 
seapnla are shown in Fignre 9.7. 
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Fractures of the Scapula 

Fractures of the scapula are usually the result of severe 
trauma, such as occurs in run-over aeeident vietims or in 
occupants of automobiles involved in erashes. Injuries are 
usually assoeiated with fractured ribs. Most fractures of 
the scapula require little treatment because the muscles 
on the anterior and posterior surfaces adequately splint the 
fragments. 

Dropped Shoulder and Wìnged Seapnla 

The position of the scapula on the posterior wall of the thorax 
is maintained bythetone and balanee ofthe muscles attaehed 
to it. If one of these muscles is paralyzed,the balanee is upset, 
as in dropped shoulder, which occurs with paralysis ofthetra- 
pezius, or winged scapula (Fig. 9.8), caused by paralysis of the 
serratus anterior. Such imbalanee ean be deteeted by careful 
physieal examination. 



FIGURE 9.8 VVinging of the right scapula. 


Humerus 

The humerus articulates with the scapula at the shoulder 
joint and with the radius and ulna at the elbow joint. The 
upper end of the humerus has a head (Fig. 9.9), which 
forms about one third of a sphere and artienlates with the 
glenoid eavity of the seapnla. Immediately below the head 
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FIGURE9.9 Important muscular and ligamentous attaehments to the right humerus 
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is the anatomie neek. Below the neek are the greater and 
lesser tnberosities, separated from eaeh other by the bieip- 
ital groove. Where the npper end of the hnmerns joins the 
shaft is a narrow snrgieal neek. Abont halfway down the 
lateral aspeet of the shaft is a ronghened elevation ealled 
the deltoid tnberosity. Behind and below the tnberosity 
is a spiral groove, which aeeommodates the radial nerve 
(Fig. 9.9). 

The lower end of the hnmerns possesses the medial 
and lateral epieondyles for the attaehment of mnseles and 
ligaments, the ronnded eapitnlnm for artienlation with 
the head of the radins, and the pnlley-shaped troehlea for 
artienlation with the troehlear noteh of the ulna (Fig. 9.9). 
Above the capitulum is the radial fossa, which reeeives 
the head of the radius when the elbow is f[exed. Above the 
troehlea anteriorly is the eoronoid fossa, which during 
the same movement reeeives the eoronoid proeess of the 
ulna. Above the troehlea posteriorly is the oleeranon fossa, 
which reeeives the oleeranon proeess of the ulna when the 
elbow joint is extended (Fig. 9.9). 

The important mnseles and ligaments attaehed to the 
humerus are shown in Figure 9.9. 


The Axilla 

The axilla, or armpit, is a pyramid-shaped spaee between 
the upper part of the arm and the side of the ehest 
(Fig. 9.11). It forms an important passage for nerves, 
blood, and lymph vessels as they travel from the root of 
the neek to the upper limb. The upper end of the axilla, or 
apex, is direeted into the root of the neek and is bonnded 
in front by the elaviele, behind by the upper border of the 
scapula, and medially by the outer border of the first rib 
(Fig. 9.11). The lower end, or base, is bonnded in front by 
the anterior axillary fold (formed by the lower border of 
the peetoralis major muscle), behind by the posterior axil- 
lary fold (formed by the tendon of latissimns dorsi and 
the teres major muscle), and medially by the ehest wall 
(Fig. 9.11). 

VValls of the Axilla 

The walls of the axilla are made up as follows: 

■ Anterior wall: By the peetoralis major, subclavius, and 
peetoralis minor mnseles (Figs. 9.12, 9.13, and 9.14) 



e L I N 


e A L 


N 0 T E S 




Fractures of the Proximal End of the Humerus 
Humeral Head Fractures 

Fractures of the humeral head (Fig. 9.10) ean occur during the 
proeess of anterior and posterior disloeations of the shoulder 
joint. The fibrocartilaginous glenoid labrum of the scapula pro- 
duces the fracture, and the labrum ean beeome jammed in the 
defeet, making reduction of the shoulder joint difficult. 

GreaterTuberosity Fractures 

The greater tuberosity of the humerus ean be fractured by direet 
trauma, displaeed by the glenoid labrum during disloeation of the 
shoulder joint, or avulsed by violent eontraetions of the supraspi- 
natus muscle. The bone fragment will have the attaehments of the 
supraspinatus, teres minor, and infraspinatus muscles, whose ten- 
donsform partofthe rotatorcuff. When assoeiated with a shoulder 
disloeation, severe tearing of the cuff with the fracture ean result 
in the greater tuberosity remaining displaeed posteriorly afterthe 
shoulderjointhas been reduced. lnthissituation, open reduction of 
the fracture is neeessary to attaeh the rotator cuff baek into plaee. 

Lesser Tuberosity Fractures 

Oeeasionally, a lesser tuberosity fracture aeeompanies poste- 
rior disloeation of the shoulder joint. The bone fragment reeeives 
the insertion of the subscapularis tendon (Fig. 9.10), a part of the 
rotator cuff. 


Surgical Neek Fractures 

The surgical neek of the humerus (Fig. 9.10), which lies immedi- 
ately distal to the lesser tuberosity, ean be fractured by a direet 
blow on the lateral aspeet of the shoulder or in an indireet man- 
ner by falling on the outstretched hand. 


Fractures of the Shaft of the Humerus 

Fractures of the humeral shaft are eommon; displaeement of 
the fragments depends on the relation of the site of fracture to 
the insertion of the deltoid muscle (Fig. 9.10). When the fracture 
line is proximal to the deltoid insertion, the proximal fragment 
is adducted by the peetoralis major, latissimus dorsi, and teres 
major muscles; the distal fragment is pulled proximally by the 
deltoid, bieeps, and trieeps. When the fracture is distal to the 
deltoid insertion, the proximal fragment is abducted by the del- 
toid, and the distal fragment is pulled proximally by the bieeps 
and trieeps. The radial nerve ean be damaged where it lies in 
the spiral groove on the posterior surface of the humerus under 
eover of the trieeps muscle. 

Fractures of the Distal End of the Humerus 

Supracondylar fractures (Fig. 9.10) are eommon in ehildren and 
occur when the ehild falls on the outstretched hand with the 
elbow partially flexed. Injuries to the median, radial, and ulnar 
nerves are not uncommon, although function usually quickly 
returns after reduction of the fracture. Damage to or pressure 
on the braehial artery ean occur at the time of the fracture or 
from swelling of the surrounding tissues; the circulation to the 
forearm may be interfered with, leading to Volkmann's isehemie 
contracture (see page 383). 

The medial epieondyle (Fig. 9.10) ean be avulsed by the 
medial eollateral ligament of the elbow joint if the forearm is 
foreibly abducted. The ulnar nerve ean be injured at the time 
of the fracture, ean beeome involved later in the repair pro- 
eess of the fracture (in the callus), or ean undergo irritation 
on the irregular bony surface after the bone fragments are 
reunited. 
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FIGURE9.10 A. Common fractures of the humerus. B. Gommon fractures of the radius and ulna.The displaeement of the 
bony fragments on the site of the fracture line and the pull of the muscles. S, supraspinatus; D, deltoid; PM, peetoralis 
major; CF, pull of eommon flexure muscles;TR, trieeps; SUB, subscapularis. 


■ Posterior wall: By the subscapularis, latissimus dorsi, 
and teres major muscles from above down (Figs. 9.13, 
9.14, 9.15, and 9.16) 

■ Medial wall: By the upper four or five ribs and the inter- 
eostal spaees eovered by the serratns anterior muscle 
(Figs. 9.14, 9.15, and 9.16) 

■ Lateral wall: By the eoraeobraehialis and bieeps mnseles 
in the bieipital groove of the humerus (Figs. 9.14, 9.15, 
and 9.16) 

The base is formed by the skin stretehing between the ante- 
rior and posterior walls (Fig. 9.14). 

The axilla eontains the prineipal vessels and nerves to 
the upper limb and many lymph nodes. 

The origins, insertions, nerve supply, and aetions of the 
mnseles forming the walls of the axilla are deseribed in 
Tables 9.1, 9.2, and 9.3. 

Key Muscles in the Axilla 

Peetoralis Minor 

The peetoralis minor is a thin triangnlar muscle that lies 
beneath the peetoralis major (Fig. 9.13). It arises from the 


3rd, 4th, and 5th ribs and runs upward and laterally to be 
inserted by its apex into the eoraeoid proeess of the seap- 
ula. It erosses the axillary artery and the braehial plexus 
of nerves. It is used when deseribing the axillary artery to 
divide it into three parts (see page 350). 

eiavipeetoral Faseia 

The elavipeetoral faseia is a strong sheet of eonneetive 
tissue that is attaehed above to the elaviele (Figs. 9.13 
and 9.14). Below, it splits to enelose the peetoralis minor 
muscle and then eontinnes downward as the suspensory 
ligament of the axilla and joins the faseial fioor of the 
armpit. 

eontents of the Axilla 

The axilla eontains the axillary artery and its branehes, 
which supply blood to the upper limb; the axillary vein 
and its tribntaries, which drain blood from the upper limb; 
and lymph vessels and lymph nodes, which drain lymph 
from the upper limb and the breast and from the skin of 
the trunk, down as far as the level of the umbilicus. Lying 
among these structures in the axilla is an important nerve 
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FIGURE9.11 Inlet, vvalls, and outlet of the right axilla. 
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FIGURE9.12 Peetoral region and axilla 
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FIGURE9.13 Peetoral region and axilla; the peetoralis major muscle has been removed to display the underlying structures. 
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FIGURE 9.14 Structures that form the vvalls of the axilla. The lateral vvall is indieated by the arrovv 
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FIGURE9.15 Peetoral region and axilla; the peetoralis major and minor muscles and the elavipeetoral faseia have been 
removed to display the underlying structures. 
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FIGURE9.16 Disseetion of the right axilla.The peetoralis nnajor and nninor nnuscles and the elavipeetoral faseia have been 
removed to display the underlying structures. 


TABLE 9.1 

P Muscles Gonneeting the Upper Limb to the Thoraeie Wall 

'N 

Muscle 

Origin 

Insertion 

Nerve Supply 

Nerve Roots^ 

Aetion 

Peetoralis major 

eiaviele, sternum, 

Lateral lip of 

Medial and lateral 

C5,6,7,8; T1 

Adducts arm and rotates 


and upper six 

bieipital groove 

peetoral nerves from 


it medially; clavicular 


eostal eartilages 

of humerus 

braehial plexus 


fibers also flex arm 

Peetoralis minor 

3rd, 4th, and 

Goraeoid proeess 

Medial peetoral nerve 

C6,7,8 

Depresses point of 


5th ribs 

of scapula 

from braehial plexus 


shoulder; if the scapula 
is fixed, it elevates the 
ribs of origin 

Subclavius 

Ist eostal eartilage 

eiaviele 

Nerve to subclavius 

C5,6 

Depresses the elaviele 




from upper trunk of 


and steadies this bone 




braehial plexus 


during movements of 
the shoulder girdle 

Serratus anterior 

Upper eight ribs 

Medial border 

Long thoraeie nerve 

C5,6,7 

Dravvs the forvvard 



and inferior 



anterior around the 



angle of 



thoraeie vvall; rotates 



scapula 



scapula 


®The predominant nerve root sopply is indieated by boldfaee type. 
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TABLE 9.2 


Muscles Gonneeting the Upper Límb to the Vertebral Column 


Muscle 



Origin 


Insertion 


Nerve Supply 


Nerve Roots 


Aetion 


Trapezius 


Latissimus 

dorsi 


Levator 

scapulae 


Rhomboid 

minor 


Rhomboid 

major 


Oeeipital bone, 
ligamentum nuchae, 
spine of 7th eervieal 
vertebra, spines of all 
thoraeie vertebrae 


Llpperfibers into 
lateral third of 
elaviele; middle and 
lovver fibers into 
aeromion and spine 
of scapula 


lliae erest, lumbar faseia, Floor of bieipital 


spines of lovver six 
thoraeie vertebrae, 
lovverthree or four 
ribs, and inferior angle 
of scapula 

Transverse proeesses 
of Istfour eervieal 
vertebrae 


groove of humerus 


Medial border of 
scapula 


Ligamentum nuchae and 
spines of 7th eervieal 
and istthoraeie 
vertebrae 

Seeond to 5th thoraeie 
spines 


Medial border of 
scapula 


Medial border of 
scapula 


Spinal partof 
aeeessory 
nerve (motor) 
and C3 and 4 
(sensory) 


Thoraeodorsal 

nerve 


C3 and 4 and 
dorsal 
scapular 
nerve 

Dorsal scapular 
nerve 


Dorsal scapular 


nerve 


XI eranial 
nerve (spinal 

part) 


C6,7,8, 


C3,4, 5 


C4,5 


C4,5 


Llpper fibers elevate 
the scapula; middle 
fibers pull scapula 
medially; lovver fibers 
pull medial border of 
scapula dovvnvvard 

Extends, adducts, and 
medially rotates the 
arm 


Raises medial border of 
scapula 


Raises medial border of 
scapula upvvard and 
medially 


Raises medial border of 
scapula upvvard and 
medially 


"'The predominant nerve root sopply is indieated by boldfaee type. 


TABLE 9.3 



Muscles Gonneeting the Scapula to the Humerus 


Mnsele 


Origin 


Insertion 


Nerve Snpply 


Nerve Roots 


Aetion 


Deltoid 


lnfraspinatus 


Teres major 


Teres minor 


Lateral third 
of elaviele, 
aeromion, spine 
of scapula 


Middle of lateral 
surface of shaft 
of humerus 


Supraspinatus Supraspinous fossa Greatertuberosity 


of scapula 


lnfraspinous fossa 
of scapula 


Lovver third of 
lateral border of 
scapula 


of humerus; 
capsule of 
shoulder joint 

Greatertuberosity 
of humerus; 
capsule of 
shoulder joint 

Medial lip of 
bieipital groove 
of humerus 


Llppertvvo thirds of Greater tuberosity 


lateral border of 
scapula 


Axillary nerve 


Suprascapular 


nerve 


Suprascapular 


nerve 


Lovver subscapular 


nerve 


Axillary nerve 


Subscapularis Subscapularfossa 


of humerus; 
capsule of 
shoulder joint 

Lessertuberosity of Llpper and lovver 

subscapular 


humerus 


nerves 


C5,6 


C4,5,6 


(C4), 5,6 


C6,7 


(C4), C5,6 


C5,6,7 


Abducts arm; anterior fibers 
flex and medially rotate 
arm; posterior fibers extend 
and laterally rotate arm 

Abducts arm and stabilizes 
shoulder joint 


Laterally rotates arm and 
stabilizes shoulder joint 


Medially rotates and adducts 
arm and stabilizes shoulder 
joint 

Laterally rotates arm and 
stabilizes shoulder joint 


Medially rotates arm and 
stabilizes shoulder joint 


^The predominant nerve root sopply is indieated by boldfaee type. 
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Absent Peetoralìs Major 

Oeeasionally, parts of the peetoralis major muscle may be 
absent. The sternoeostal origin is the most eommonly missing 
part, and this causes vveakness in adduction and medial rota- 
tion of the shoulder joint. 

\___ J 


plexus, the braehial plexus, which innervates the upper 
limb. These structures are embedded in fat. 

Axillary Artery 

The axillary artery (Figs. 9.12, 9.13, 9.15, and 9.16) begins 
at the lateral border of the Ist rib as a eontinnation of 
the snbelavian (Fig. 9.17) and ends at the lower border of 
the teres major muscle, where it continues as the braehial 
artery. Throughout its course, the artery is elosely related to 
the eords of the braehial plexus and their branehes and is 
enelosed with them in a eonneetive tissue sheath ealled the 
axillary sheath. If this sheath is traeed upward into the root 
of the neek, it is seen to be continuous with the prevertebral 
faseia. 

The peetoralis minor muscle erosses in front of the axil- 
lary artery and divides it into three parts (Figs. 9.13, 9.15, 
and 9.17). 


First Part of the Axillary Artery This extends from the 
lateral border of the Ist rib to the upper border of the 
peetoralis minor (Fig. 9.17). 

Relations 

■ Anteriorly: The peetoralis major and the skin. The 
eephalie vein erosses the artery (Figs. 9.13 and 9.15). 

■ Posteriorly: The long thoraeie nerve (nerve to the ser- 
ratus anterior) (Fig. 9.15) 

■ Laterally: The three eords of the braehial plexus (Fig. 9.15) 

■ Medially: The axillary vein (Fig. 9.15 and 9.16) 

Seeond Part of the Axillary Artery This lies behind the 
peetoralis minor muscle (Fig. 9.17). 

Relations 

■ Anteriorly: The peetoralis minor, the peetoralis major, 
and the skin (Figs. 9.13 and 9.17) 

■ Posteriorly: The posterior eord of the braehial plexus, 
the subscapularis muscle, and the shonlder joint 
(Fig. 9.15) 

■ Laterally: The lateral eord of the braehial plexus (Figs. 
9.13,9.15, and 9.16) 

■ Medially: The medial eord of the braehial plexus and 
the axillary vein (Figs. 9.15, 9.16, and 9.20) 

Third Part of the Axillary Artery This extends from the 
lower border of the peetoralis minor to the lower border of 
the teres major (Fig. 9.17). 


first part of axillary artery 


seeond part of axillary artery 


third part of axillary artery 


anterior and posterior 
circumflex humeral 

arteries 


axillary vein 
braehial artery 


venae eomitantes 
of braehial artery 


highest thoraeie artery 



first rib 


subclavian artery 


thoraeoaeromial artery 
peetoralis minor 


lateral thoraeie artery 


subscapular artery 


basilie vein 


teres major 


FIGIJRE 9.17 Parts of the axillary artery and its branehes. Note the formation of the axillary vein at the lovver border of the 
teres major muscle. 












BasieAnatomy 351 


Relations 

■ Anteriorly: The peetoralis major for a short distanee; 
lower down the artery, it is erossed by the medial root of 
the median nerve (Fig. 9.13). 

■ Posteriorly: The snbseapnlaris, the latissimns dorsi, and 
the teres major. The axillary and radial nerves also lie 
behind the artery (Figs. 9.15 and 9.16). 

■ Laterally: The eoraeobraehialis, the bieeps, and the 
hnmerns. The lateral root of the median and the mus- 
culocutaneous nerves also lies on the lateral side (Figs. 
9.13 and 9.16). 

■ Medially: The ulnar nerve, the axillary vein, and the 
medial cutaneous nerve of the arm (Fig. 9.13) 

Branehes of the Axillary Artery 

From the first part: 

The highest thoraeie artery is small and runs along the 
upper border of the peetoralis minor. 

From the seeond part: 

The thoraeoaeromial artery immediately divides into 
terminal branehes. 

The lateral thoraeie artery runs along the lower border 
of the peetoralis minor (Fig. 9.17). 

From the third part: 

The subscapular artery runs along the lower border of the 
subscapularis muscle. 

The anterior and posterior circumflex humeral arter- 

ies wind around the front and the baek of the snrgieal neek 
of the humerus, respeetively (Fig. 9.17). 

Axillary Vein 

The axillary vein (Fig. 9.12) is formed at the lower border 
of the teres major muscle by the union of the venae eomi- 
tantes of the braehial artery and the basilie vein (Fig. 9.17). 
It runs upward on the medial side of the axillary artery and 
ends at the lateral border of the Ist rib by beeoming the 
snbelavian vein. 

The vein reeeives tribntaries, which eorrespond to the 
branehes of the axillary artery, and the eephalie vein. 



e L I N 


e A L 


N 0 T E S 



Spontaneous Thrombosìs of the Axìllary Veìn 

Spontaneous thrombosis of the axillary vein oeeasionally 
occurs after excessive and unaccustomed movements of the 
arm atthe shoulder joint. 

The Axillary Sheath and a Braehíal Plexus Nerve 
Bloek 

Because the axillary sheath eneloses the axillary vessels and 
the braehial plexus, a braehial plexus nerve bloek ean easily 
be obtained. The distal part of the sheath is elosed with finger 
pressure, and a syringe needle is inserted into the proximal part 
of the sheath. The anesthetie solution is then injeeted into the 
sheath, and the solution is massaged along the sheath to pro- 
duce the nerve bloek. The position of the sheath ean be verified 
by feeling the pulsations of the third part of the axillary artery. 


Braehial Plexus 

The nerves entering the upper limb provide the following 
important fimetions: sensory innervation to the skin and 
deep structures, such as the joints; motor innervation to 
the mnseles; infinenee over the diameters of the blood ves- 
sels by the sympathetie vasomotor nerves; and sympathetie 
seeretomotor supply to the sweat glands. 

At the root of the neek, the nerves form a eomplieated 
plexus ealled the braehial plexus. This allows the nerve fib- 
ers derived from different segments of the spinal eord to be 
arranged and distribnted effieiently in different nerve trunks 
to the varions parts of the upper limb. The braehial plexus 
is formed in the posterior triangle of the neek by the union 
of the anterior rami of the 5th, 6th, 7th, and 8th eervieal and 
the Ist thoraeie spinal nerves (Figs. 9.18 and 9.19). 

The plexus ean be divided into roots, trunks, divisions, 
and eords (Fig. 9.18). The roots of C5 and 6 unite to form the 
upper trunk, the root of C7 eontinnes as the middle trunk, 
and the roots of C8 and T1 unite to form the lower trunk. 
Eaeh trunk then divides into anterior and posterior divi- 
sions. The anterior divisions of the upper and middle trunks 
unite to form the lateral eord, the anterior division of the 
lower trunk eontinnes as the medial eord, and the posterior 
divisions of all three trunks join to form the posterior eord. 

The roots, trunks, and divisions of the braehial plexus 
reside in the lower part of the posterior triangle of the neek 
and are fiilly deseribed on page XXX. The eords beeome 
arranged around the axillary artery in the axilla (Fig. 9.15). 
Here, the braehial plexus and the axillary artery and vein 
are enelosed in the axillary sheath. 

Gords of the Braehial Plexus All three eords of the 
braehial plexus lie above and lateral to the first part of 
the axillary artery (Figs. 9.15 and 9.20). The medial eord 
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FIGIJRE 9.18 The formation of the main parts of the braehial 
plexus. Note the loeations of the different parts. 
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FIGURE9.19 Roots, trunks, divisions, eords, and ternninal branehes of the braehial plexus 


erosses behind the artery to reaeh the medial side of the 
seeond part of the artery (Fig. 9.20). The posterior eord 
lies behind the seeond part of the artery, and the lateral 
eord lies on the lateral side of the seeond part of the artery 
(Fig. 9.20). Thus, the eords of the plexus have the relation- 
ship to the seeond part of the axillary artery that is indi- 
eated by their names. 

Most branehes of the eords that form the main nerve 
trunks of the upper limb continue this relationship to the 
artery in its third part (Fig. 9.20). 

The branehes of the different parts of the braehial 
plexus (Figs. 9.19 and 9.21) are as follows: 

■ Roots 

Dorsal seapnlar nerve (C5) 

Long thoraeie nerve (C5, 6, and 7) 

■ Upper trnnk 

Nerve to subclavius (C5 and 6) 

Suprascapular nerve (snpplies the supraspinatus and 
infraspinatns mnseles) 

■ Lateral eord 
Lateral peetoral nerve 
Musculocutaneous nerve 
Lateral root of median nerve 

■ Medial eord 
Medial peetoral nerve 

Medial cutaneous nerve of arm and medial cutaneous 
nerve of forearm 
Ulnar nerve 

Medial root of median nerve 

■ Posterior eord 

Upper and lower subscapular nerves 
Thoraeodorsal nerve 
Axillary nerve 
Radial nerve 

The branehes of the braehial plexus and their distribntion 
are snmmarized in Table 9.4. 


Branehes of the Braehial Plexus Found in the Axilla 
The nerve to the subclavius (C5 and 6) snpplies the sub- 
clavius muscle (Figs. 9.15, 9.19, and 9.20). It is important 
elinieally beeanse it may give a eontribntion (C5) to the 
phrenie nerve; this braneh, when present, is referred to as 
the aeeessory phrenie nerve. 

The long thoraeie nerve (C5, 6, and 7) arises from the 
roots of the braehial plexus in the neek and enters the 
axilla by passing down over the lateral border of the Ist rib 
behind the axillary vessels and braehial plexus (Figs. 9.15 
and 9.19). It deseends over the lateral snrfaee of the serratns 
anterior muscle, which it supplies. 

The lateral peetoral nerve arises from the lateral eord of 
the braehial plexus and snpplies the peetoralis major mus- 
ele (Figs. 9.13 and 9.20). 

The musculocutaneous nerve arises from the lateral 
eord of the braehial plexus, supplies the eoraeobraehialis 
muscle, and leaves the axilla by piereing that muscle (Figs. 
9.13 and 9.20). A snmmary of the eomplete distribntion of 
the musculocutaneous nerve is given in Figure 9.22. 

The lateral root of the median nerve is the direet eon- 
tinnation of the lateral eord of the braehial plexus (Figs. 
9.13 and 9.19). It is joined by the medial root to form the 
median nerve trunk, and this passes downward on the lat- 
eral side of the axillary artery. The median nerve gives off 
no branehes in the axilla. 

The medial peetoral nerve arises from the medial eord of 
the braehial plexus, supplies and pierees the peetoralis minor 
muscle, and snpplies the peetoralis major muscle (Fig. 9.19). 

The medial cutaneous nerve of the arm (Tl) arises 
from the medial eord of the braehial plexus (Figs. 9.12 and 
9.20) and is joined by the intereostobraehial nerve (lateral 
cutaneous braneh of the 2nd intereostal nerve). It snpplies 
the skin on the medial side of the arm. 

The medial cutaneous nerve of the forearm arises from 
the medial eord of the braehial plexus and deseends in front 
of the axillary artery (Fig. 9.20). 
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FIGURE9.20 A. Relations of the braehial plexus and its branehes to the axillary artery and vein. B. Seetion through the axilla at 
the level of the teres major muscle. 


The ulnar nerve (C8 and Tl) arises from the medial 
eord of the braehial plexus and deseends in the interval 
between the axillary artery and vein (Figs. 9.13 and 9.20). 
The ulnar nerve gives off no branehes in the axilla. A sum- 
mary of the eomplete distribution of the ulnar nerve is 
given in Figure 9.23. 

The medial root of the median nerve arises from the 
medial eord of the braehial plexus and erosses in front of 
the third part of the axillary artery to join the lateral root 
of the median nerve (Figs. 9.13 and 9.20). A snmmary dia- 
gram of the eomplete distribntion of the median nerve is 
given in Figure 9.22. 

The upper and lower subscapular nerves arise from the 
posterior eord of the braehial plexus and supply the upper 
and lower parts of the subscapularis muscle. In addition, 


the lower subscapular nerve snpplies the teres muscle 
(Figs. 9.15 and 9.19). 

The thoraeodorsal nerve arises from the posterior eord 
of the braehial plexus and runs downward to supply the 
latissimus dorsi muscle (Figs. 9.15 and 9.19). 

The axillary nerve is one of the terminal branehes 
of the posterior eord of the braehial plexus (Figs. 9.15 
and 9.19). It turns backward and passes throngh the 
quadrangular spaee (see page 361). Having given off a 
braneh to the shonlder joint, it divides into anterior and 
posterior branehes (see page 361). A snmmary of the 
eomplete distribntion of the axillary nerve is given in 
Figure 9.24. 

The radial nerve is the largest braneh of the braehial plexus 
and lies behind the axillary artery (Figs. 9.15, 9.19, and 9.20). 
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TABLE 9.4 


Branehes 


Summary of the Branehes of the Braehial Plexus and their Distribntion 

Distribntion 


Roots 



Dorsal seapolar nerve (C5) 

Long thoraeie nerve (C5,6,7) 

DpperTrnnk 

Suprascapular nerve (C5,6) 

Nerve to subclavius (C5,6) 

Lateral Cord 

Lateral peetoral nerve (C5,6,7) 
Musculocutaneous nerve (C5,6,7) 

Lateral root of median nerve (C5,6,7) 

Posterior Cord 

Llpper subscapular nerve (C5,6) 
Thoraeodorsal nerve (C6,7,8) 

Lovver subscapular nerve (C5,6) 
Axillary nerve (C5,6) 

Radial nerve (C5,6,7,8;T1) 


Medial Cord 

Medial peetoral nerve (C8; T1) 

Medial cutaneous nerve of arm joined by 
intereostal braehial nerve from seeond 
intereostal nerve (C8; T1,2) 

Medial cutaneous nerve of forearm (C8;T1) 

Lllnar nerve (C8; T1) 


Medial root of median nerve (with lateral root) 
forms median nerve (C5,6,7,8; T1) 


Rhomboid minor, rhomboid major, levator scapulae muscles 
Serratus anterior muscle 


Supraspinatus and infraspinatus muscles 
Subclavius 


Peetoralis major muscle 

Coracobrachialis, bieeps braehii, braehialis muscles; supplies skin along lateral 
border of forearm when it beeomes the lateral cutaneous nerve of forearm 

See medial root of median nerve 

Subscapularis muscle 

Latissimus dorsi muscle 

Subscapularis and teres major muscles 

Deltoid and teres minor muscles; upper lateral cutaneous nerve of arm supplies 
skin over lower half of deltoid muscle 

Trieeps, anconeus, part of braehialis, extensor earpi radialis longus; via 
deep radial nerve braneh supplies extensor muscles of forearm: supinator, 
extensor earpi radialis brevis, extensor earpi ulnaris, extensor digitorum, 
extensor digiti minimi, extensor indieis, abductor pollieis longus, extensor 
pollieis longus, extensor pollieis brevis; skin, lower lateral cutaneous 
nerve of arm, posterior cutaneous nerve of arm, and posterior cutaneous 
nerve of forearm; skin on lateral side of dorsum of hand and dorsal surface 
of lateral three and a half fingers; articular branehes to elbow, wrist, and 
hand 


Peetoralis major and minor muscles 
Skin of medial side of arm 


Skin of medial side of forearm 

Flexor earpi ulnaris and medial half of flexor digitorum profundus, flexor digiti 
minimi, opponens digiti minimi, abductor digiti minimi, adductor pollieis, 
third and fourth lumbricals, interossei, palmaris brevis, skin of medial half of 
dorsum of hand and palm, skin of palmar and dorsal surfaces of medial one 
and a half fingers 

Pronator teres, flexor earpi radialis, palmaris longus, flexor digitorum 
superficialis, abductor pollieis brevis, flexor pollieis brevis, opponens pollieis, 
first two lumbricals (by way of anterior interosseous braneh), flexor pollieis 
longus, flexor digitorum profundus (lateral half), pronator quadratus; palmar 
cutaneous braneh to lateral half of palm and digital branehes to palmar 
surface of lateral three and a half fingers; articular branehes to elbow, wrist, 
and earpal joints 
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FIGURE 9.21 
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Distribution of the main branehes of the braehial plexus to different faseial eompartments of the arm and forearm. 
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FIGURE9.22 Summary of the main branehes of the musculocutaneous and median nerves 
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FIGURE 9.23 Summary of the main branehes of the ulnar nerve. 

It gives off branehes to the long and the medial heads of the 
trieeps mnsele and the posterior entaneons nerve of the arm 
(Fig. 9.13). The latter braneh is distribnted to the skin on the 
middle of the baek of the arm. A snmmary of the eomplete 
distribntion of the radial nerve is given in Fignre 9.25. 

Lesions of the braehial plexus and its branehes are 
deseribed on page 429. 

Lymph Nodes oftheAxilla 

The axillary lymph nodes (20 to 30 in number) drain 
lymph vessels from the lateral quadrants of the breast, the 
snperfieial lymph vessels from the thoraeoabdominal walls 
above the level of the umbilicus, and the vessels from the 
upper limb. 

The lymph nodes are arranged in six groups (Fig. 9.26). 

■ Anterior (peetoral) group: Lying along the lower border 
of the peetoralis minor behind the peetoralis major, these 
nodes reeeive lymph vessels from the lateral quadrants of 
the breast and snperfieial vessels from the anterolateral 
abdominal wall above the level of the umbilicus. 


axillary nerve 


C5 C6 



FIGURE 9.24 Summary of the main branehes of the axillary 
nerve. 
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FIGURE 9.25 Sumnnary of the main branehes of the radial nerve. 


■ Posterior (subscapular) group: Lying in front of the 
snbseapnlaris mnsele, these nodes reeeive snperfieial 
lymph vessels from the baek, down as far as the level of 
the iliae erests. 

■ Lateral group: Lying along the medial side of the axil- 
lary vein, these nodes reeeive most of the lymph vessels 
of the npper limb (except those snperfieial vessels drain- 
ing the lateral side—see infraelavienlar nodes, below). 

■ Gentral group: Lying in the eenter of the axilla in the 
axillary fat, these nodes reeeive lymph from the above 
three gronps. 

■ Infraclavicular (deltopeetoral) group: These nodes are 
not strietly axillary nodes beeanse they are loeated ontside 
the axilla. They lie in the groove between the deltoid and 
peetoralis major mnseles and reeeive snperfieial lymph 
vessels from the lateral side of the hand, forearm, and arm. 

■ Apieal group: Lying at the apex of the axilla at the lat- 
eral border of the Ist rib, these nodes reeeive the efferent 
lymph vessels from all the other axillary nodes. 

The apieal nodes drain into the subclavian lymph trunk. 
On the left side, this trnnk drains into the thoraeie duct; on 
the right side, it drains into the right lymph trunk. Alterna- 
tively, the lymph trunks may drain direetly into one of the 
large veins at the root of the neek. 
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FIGURE 9.26 Different groups of lymph nodes in the axilla 
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Examinatìon of the Axillary Lymph Nodes 

With the patient standing or sitting, he or she is asked to plaee 
the hand of the side to be examined on the hip and push hard 
medially. This aetion of adduction of the shoulder joint causes 
the peetoralis major muscle to eontraet maximally so that it 
beeomes hard like a board. The examiner then palpates the axil- 
lary nodes (Fig. 9.26) as follovvs: 

■ The anterior (peetoral) nodes may be palpated by pressing 
forvvard againstthe posterior surface ofthe peetoralis major 
muscle on the anterior vvall of the axilla. 

■ The posterior (snbseapnlar) nodes may be palpated by 
pressing baekvvard againstthe anterior surface of the sub- 
scapularis muscle on the posterior vvall of the axilla. 

V___ 

The Superfìcial Part of the Baek and 
the Scapular Region 

Skin 

The sensory nerve snpply to the skin of the baek is 
from the posterior rami of the spinal nerves (see Fig. 
1.24). The Ist and 8th eervieal nerves do not snpply 
the skin, and the posterior rami of the npper three lum- 
bar nerves run downward to supply the skin over the 
bnttoek. 


■ The lateral nodes may be palpated againstthe medial side of 
the axillary vein. The examiner's fingers are pressed laterally 
againstthe subclavian vein and the pulsating axillary artery. 

■ The eentral nodes may be palpated in the eenter of the ax- 
illa betvveen the peetoralis major (anterior vvall) and the sub- 
scapularis (posterior vvall). 

■ For the apieal nodes, the patient is asked to relax the shoul- 
der muscles and letthe upper limb hang dovvn at the side. 
The examiner then gently plaees the tips of the fingers of the 
examining hand high up inthe axillato the outer border of the 
first rib. If the nodes are enlarged, they ean be felt. 

The examination of the axillary lymph nodes alvvays forms part of 
the elinieal examination of the breast. 

_ J 

The blood supply to the skin is from the posterior 
branehes of the posterior intereostal arteries and the lum- 
bar arteries. The veins eorrespond to the arteries and drain 
into the azygos veins and the inferior vena eava. 

The lymph drainage of the skin of the baek above the 
level of the iliae erests is upward into the posterior group of 
axillary lymph nodes. 

Bones of the Baek 

The nnderlying bones of the baek are shown in Figure 9.27 
and are deseribed in detail in Ghapter 12. 
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FIGURE 9.27 Bones of the baek. 
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Muscles 

The muscles on the baek eonneeting the upper limb to 
the thoraeie wall and the vertebral column are shown in 
Figure 9.28 and are deseribed in Tables 9.1 and 9.2, and the 
mnseles eonneeting the seapnla to the humerus are shown 
in Figure 9.29 and are deseribed in Table 9.3. 

Rotator Cuff 

The rotator cuff is the name given to the tendons of the 
subscapularis, supraspinatus, infraspinatus, and teres 
minor mnseles, which are fused to the underlying eap- 
sule of the shoulder joint (Fig. 9.34). The cuff plays a 
very important role in stabilizing the shonlder joint. 
The tone of these mnseles assists in holding the head of 
the humerus in the glenoid eavity of the seapnla during 
movements at the shonlder joint. The cuff lies on the 
anterior, snperior, and posterior aspeets of the joint. The 
cuff is defieient inferiorly, and this is a site of potential 
weakness. 


Quadrangular Spaee 

The quadrangular spaee is an intermuscular spaee, loeated 
immediately below the shoulder joint. It is bonnded above 
by the subscapularis and eapsnle of the shonlder joint and 
below by the teres major muscle. It is bounded medially 
by the long head of the trieeps and laterally by the snrgieal 
neek of the humerus. 

The axillary nerve and the posterior circumfiex humeral 
vessels pass backward through this spaee (Fig. 9.29). 

Nerves 

Spinal Part of the Aeeessory Nerve (Granial 
Nerve XI) 

The spinal part of the aeeessory nerve runs downward in the 
posterior triangle of the neek on the levator seapnlae muscle. 
It is aeeompanied by branehes from the anterior rami of the 
third and fourth eervieal nerves. The aeeessory nerve runs 
beneath the anterior border of the trapezins muscle (Fig. 9.28) 
at the junction of its middle and lower thirds and, together 
with the eervieal nerves, snpplies the trapezins muscle. 
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FIGURE 9.28 Superficial and deep muscles of the baek. 
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FIGURE9.29 Muscles, nerves, and blood vessels of the scapular region. Note the elose relation of the axillary nerve to the 
shoulder joint. 
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Rotator Cuff Tendìnìtìs 

The rotator cuff, eonsisting of the tendons of the subscapularis, 
supraspinatus, infraspinatus, and teres minor muscles, vvhieh 
are fused to the underlying capsule of the shoulder joint, plays 
an important role in stabilizing the shoulder joint. The rotator cuff 
presses the humeral head into the glenoid eavity. Lesions of the 
cuff are a eommon cause of pain in the shoulder region. 

Failure of the cuff is due to either vvear or tear. Wear is age 
related. Excessive overhead aetivity of the upper limb may be the 
cause of tendinitis, although many eases appear spontaneously. 
During abduction of the shoulder joint, the supraspinatus tendon 
is exposed to frietion againstthe aeromion (Fig. 9.30). Under nor- 
mal eonditions, the amount of frietion is reduced to a minimum 
by the large subacromial bursa, vvhieh extends laterally beneath 
the deltoid. Degenerative ehanges in the bursa are follovved by 
degenerative ehanges in the underlying supraspinatus tendon, 
and these may extend into the other tendons of the rotator cuff. 
eiinieally, the eondition is knovvn as subacromial bursitis, supra- 
spinatus tendinitis, or perieapsnlitis. It is eharaeterízed by the 


presenee of a spasm of pain in the middle range of abduction 
(Fig. 9.30), vvhen the diseased area impinges on the aeromion. 
Extensive acute traumatic tears are best repaired surgically as 
soon as possible. Small ehronie cuff injuries are best managed 
vvithout surgery using nonsteroidal anti-inflammatory drugs and 
muscle exercises. 


Rupture of the Supraspinatus Tendon 

n advaneed eases of rotator cufftendinitis,the neerotie supra- 
spinatus tendon ean beeome ealeified or rupture. Rupture 
of the tendon seriously interferes vvith the normal abduction 
movement of the shoulder joint. It vvill be remembered that 
the main function of the supraspinatus muscle is to hold the 
head of the humerus in the glenoid fossa at the eommenee- 
ment of abduction. The patient vvith a ruptured supraspinatus 
tendon is unable to initiate abduction of the arm. Hovvever, if 
the arm is passively assisted for the first 15° of abduction, the 
deltoid ean then take over and eomplete the movement to a 
right angle. 
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■ An articular braneh to the shonlder joint 

■ An anterior terminal braneh, which winds aronnd the 
snrgieal neek of the hnmerns beneath the deltoid mus- 
ele; it supplies the deltoid and the skin that eovers its 
lower part. 

■ A posterior terminal braneh, which gives off a braneh to 
the teres minor muscle and a few branehes to the deltoid, 
then emerges from the posterior border of the deltoid as 
the upper lateral cutaneous nerve of the arm (Fig. 9.29) 

It is thus seen that the axillary nerve snpplies the shonlder 
joint, two mnseles, and the skin eovering the lower half of 
the deltoid muscle. 



e L 


e A L 


N 0 T E S 




Axìllary Nerve lnjury 

The axillary nerve ean be injnred in disloeations of the shoul- 
der joint. 


FIGURE9.30 Subacromial bursitis, supraspinatus tendinitis, 
or pericapsulitis shovving the painful are in the middle range 
of abduction, when the diseased area impinges on the 
lateral edge of the aeromion. 



Aeeessory Nerve lnjury 

The aeeessory nerve ean be injured as the result of stab 
wounds to the neek. 

V___ J 


Suprascapular Nerve 

The suprascapular nerve arises from the upper trunk of the 
braehial plexus (C5 and 6) in the posterior triangle in the 
neek. It runs downward and laterally and passes beneath 
the suprascapular ligament, which bridges the snpraseap- 
ular noteh, to reaeh the supraspinous fossa (Fig. 9.29). It 
supplies the supraspinatus and infraspinatns mnseles and 
the shonlder joint. 

Axillary Nerve 

The axillary nerve arises from the posterior eord of the 
braehial plexus (C5 and 6) in the axilla (see page XXX). It 
passes backward and enters the quadrangular spaee with 
the posterior circumf[ex humeral artery (Fig. 9.29). As the 
nerve passes throngh the spaee, it eomes into elose relation- 
ship with the inferior aspeet of the eapsnle of the shonlder 
joint and with the medial side of the snrgieal neek of the 
humerus. It terminates by dividing into anterior and poste- 
rior branehes (Fig. 9.29). 

Branehes 

The axillary nerve has the following branehes: 


Arterial Anastomosis aronnd the 
Shonlder Joint 

The extreme mobility of the shonlder joint may result in 
kinking of the axillary artery and a temporary oeelnsion 
of its lumen. To eompensate for this, an important arterial 
anastomosis exists between the branehes of the snbelavian 
artery and the axillary artery, thus ensuring that an ade- 
quate blood f[ow takes plaee into the upper limb irrespee- 
tive of the position of the arm (Fig. 9.31). 

Branehes from the Subclavian Artery 

■ The suprascapular artery, which is distribnted to the 
supraspinous and infraspinons fossae of the seapnla 

■ The superficial eervieal artery, which gives off a deep 
braneh that runs down the medial border of the seapnla 

Branehes from the Axillary Artery 

■ The subscapular artery and its circumf[ex scapular 
braneh supply the subscapular and infraspinons fossae 
of the seapnla, respeetively. 

■ The anterior circumflex humeral artery 

■ The posterior circumflex humeral artery 

Both the circumf[ex arteries form an anastomosing eirele 
around the snrgieal neek of the humerus (Fig. 9.31). 



Arterìal Anastomosis and Ligatìon of the Axìllary 
Artery 

The existence of the anastomosis around the shoulder joint 
is vital to preserving the upper limb should it be neeessary to 
ligate the axillary artery. 

V___ J 
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FIGLIRE 9.31 Arteries that take part in anastonnosis around the shoulder joint. 


Sternoclavicular Joint 

■ Articulation: This occurs between the sternal end of the 
elaviele, the manubrium sterni, and the Ist eostal earti- 
lage (Fig. 9.32). 

■ Type: Synovial double-plane joint 

■ Capsule: This surrounds the joint and is attaehed to the 
margins of the artienlar snrfaees. 

■ Ligaments: The eapsnle is reinforeed in front of and 
behind the joint by the strong sternoelavienlar liga- 
ments. 

■ Artienlar dise: This flat flbroeartilaginons dise lies 
within the joint and divides the joint s interior into two 
eompartments (Fig. 9.32). Its eirenmferenee is attaehed 
to the interior of the eapsnle, but it is also strongly 
attaehed to the snperior margin of the artienlar sur- 
faee of the elaviele above and to the flrst eostal eartilage 
below. 

■ Aeeessory ligament: The eostoelavienlar ligament is a 

strong ligament that runs from the jnnetion of the Ist 
rib with the Ist eostal eartilage to the inferior snrfaee of 
the sternal end of the elaviele (Fig. 9.32). 

■ Synovial membrane: This lines the eapsnle and is 
attaehed to the margins of the eartilage eovering the 
artienlar snrfaees. 

■ Nerve supply: The supraclavicular nerve and the nerve 
to the subclavius muscle. 


Movements 

Forward and backward movement of the elaviele takes 
plaee in the medial eompartment. Elevation and depression 
of the elaviele take plaee in the lateral eompartment. 

Mnseles Prodneing Movement 

The forward movement of the elaviele is prodneed by the 
serratns anterior muscle. The backward movement is pro- 
duced by the trapezius and rhomboid mnseles. Elevation of 
the elaviele is prodneed by the trapezins, sternoeleidomas- 
toid, levator seapnlae, and rhomboid mnseles. Depression 
of the elaviele is prodneed by the peetoralis minor and the 
subclavius muscles (Eig. 9.33). 

Important Relations 

■ Anteriorly: The skin and some flbers of the sternoeleid- 
omastoid and peetoralis major mnseles 

■ Posteriorly: The sternohyoid muscle; on the right, the 
braehioeephalie artery; on the left, the left braehioee- 
phalie vein and the left eommon earotid artery 

Aeromioelavienlar Joint 

■ Articulation: This occurs between the aeromion of the 
seapnla and the lateral end of the elaviele (Eig. 9.32). 
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superior acromioclavicular ligament and capsule coracoclavicular ligament 



FIGURE 9.32 A. Sternoclavicular joint. B. Aeromioelavieylar joint. 
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FIGURE 9.33 The vvide range of movements possible at the sternoclavicular and the acromioclavicular joints gives great 
mobility to the elaviele and the upper limb. 



Sternoclavìcular Joìnt lnjuries 

The strong costoclavicular ligament firmly holds the medial end 
of the elaviele to the Ist eostal eartilage. Violent forees direeted 
alongthe long axis of the elaviele usually resultin fracture ofthat 
bone, but disloeation of the sternoclavicular joint takes plaee 
oeeasionally. 

Anterior disloeation results in the medial end of the elav- 
iele projeeting forvvard beneath the skin; it may also be pulled 
upvvard by the sternoeleidomastoid muscle. 


Posterior disloeation usually follovvs direet trauma applied to 
the front of the joint that drives the elaviele baekvvard. This type 
is the more serious one because the displaeed elaviele may 
press on the traehea, the esophagus, and major blood vessels in 
the root of the neek. 

If the costoclavicular ligament ruptures eompletely, it is 
difficult to maintain the normal position of the elaviele onee 
reduction has been aeeomplished. 
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■ Type: Synovial plane joint 

■ Capsule: This snrronnds the joint and is attaehed to the 
margins of the artienlar snrfaees. 

■ Ligaments: Superior and inferior aeromioelavienlar 
ligaments reinforee the eapsnle; from the eapsnle, a 
wedge-shaped fibroeartilaginons dise projeets into the 
joint eavity from above (Fig. 9.32). 

■ Aeeessory ligament: The very strong eoraeoelavien- 
lar ligament extends from the eoraeoid proeess to the 
nndersnrfaee of the elaviele (Fig. 9.32). It is largely 
responsible for snspending the weight of the seapnla and 
the npper limb from the elaviele. 

■ Synovial membrane: This lines the eapsnle and is 
attaehed to the margins of the eartilage eovering the 
artienlar snrfaees. 

■ Nerve supply: The snpraseapnlar nerve 

Movements 

A gliding movement takes plaee when the seapnla rotates or 

when the elaviele is elevated or depressed (Fig. 9.33). 

Important Relations 

■ Anteriorly: The deltoid mnsele 

■ Posteriorly: The trapezins mnsele 

■ Snperiorly: The skin 
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Acromíoclavícular Joínt lnjuries 

The plane of the artieolar sorfaees of the aeromioelavieolar 
joint passes downward and medially so that there is a ten- 
deney for the lateral end of the elaviele to ride up over the 
upper surface of the aeromion. The strength of the joint 
depends on the strong coracoclavicular ligament, which 
binds the eoraeoid proeess to the undersurface of the lat- 
eral part of the elaviele. The greater part of the weight of the 
upper limb is transmitted to the elaviele through this ligament, 
and rotary movements of the scapula occur at this important 
ligament. 

Acromioclavìcular Dísloeatíon 

A severe blow on the point of the shoulder, as is incurred dur- 
ing bloeking ortaekling in football or any severe fall, ean result 
in the aeromion being thrust beneath the lateral end of the 
elaviele, tearing the coracoclavicular ligament. This eondition 
is known as shonlder separation. The displaeed outer end of 
the elaviele is easily palpable. As in the ease of the sternoela- 
vicular joint, the disloeation is easily reduced, but withdrawal 
of support results in immediate redisloeation. 

V___ J 

Shoulder Joint 

■ Articulation: This occurs between the rounded head 
of the humerus and the shallow, pear-shaped glenoid 
eavity of the seapnla. The artienlar snrfaees are eovered 
by hyaline artienlar eartilage, and the glenoid eavity is 


deepened by the presenee of a fibroeartilaginons rim 
ealled the glenoid labrum (Figs. 9.34 and 9.35). 

■ Type: Synovial ball-and-soeket joint 

■ Capsule: This surrounds the joint and is attaehed medi- 
ally to the margin of the glenoid eavity ontside the 
labrnm; laterally, it is attaehed to the anatomie neek 
of the humerus (Fig. 9.35). The capsule is thin and lax, 
allowing a wide range of movement. It is strengthened 
by fibrons slips from the tendons of the subscapularis, 
supraspinatus, infraspinatus, and teres minor mnseles 
(the rotator cuff muscles). 

■ Ligaments: The glenohnmeral ligaments are three 
weak bands of fibrons tissue that strengthen the front of 
the eapsnle. The transverse hnmeral ligament strength- 
ens the eapsnle and bridges the gap between the two 
tnberosities (Fig. 9.34). The eoraeohnmeral ligament 
strengthens the eapsnle above and stretehes from the 
root of the eoraeoid proeess to the greater tnberosity of 
the humerus (Fig. 9.34). 

■ Aeeessory ligaments: The eoraeoaeromial ligament 

extends between the eoraeoid proeess and the aeromion. 
Its fimetion is to proteet the snperior aspeet of the joint 
(Fig. 9.34). 

■ Synovial membrane: This lines the eapsnle and is 
attaehed to the margins of the eartilage eovering the 
artienlar snrfaees (Figs. 9.34 and 9.35). It forms a tubu- 
lar sheath around the tendon of the long head of the 
bieeps braehii. It extends throngh the anterior wall of 
the eapsnle to form the subscapularis bursa beneath the 
subscapularis muscle (Fig. 9.34). 

■ Nerve supply: The axillary and suprascapular nerves 

Movements 

The shonlder joint has a wide range of movement, and 
the stability of the joint has been saerifieed to permit this. 
(Gompare with the hip joint, which is stable but limited 
in its movements.) The strength of the joint depends on 
the tone of the short rotator cuff muscles that eross in 
front, above, and behind the joint—namely, the subscapu- 
laris, supraspinatus, infraspinatus, and teres minor. When 
the joint is abdneted, the lower snrfaee of the head of the 
humerus is supported by the long head of the trieeps, which 
bows downward beeanse of its length and gives little actual 
support to the humerus. In addition, the inferior part of the 
eapsnle is the weakest area. 

The following movements are possible (Fig. 9.36): 

■ Flexion: Normal fiexion is about 90° and is performed 
by the anterior fibers of the deltoid, peetoralis major, 
bieeps, and eoraeobraehialis mnseles. 

■ Extension: Normal extension is about 45° and is per- 
formed by the posterior fibers of the deltoid, latissimns 
dorsi, and teres major mnseles. 

■ Abdnetion: Abdnetion of the upper limb occurs both 
at the shoulder joint and between the seapnla and the 
thoraeie wall (see scapular-humeral meehanism, page 
367). The middle fibers of the deltoid, assisted by the 
supraspinatus, are involved. The supraspinatus mus- 
ele initiates the movement of abdnetion and holds the 
head of the humerus against the glenoid fossa of the 
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FIGURE 9.34 Shoulder joint and its relations. A. Anterior vievv. B. Sagittal seetion. 


scapula; this latter function allows the deltoid muscle 
to eontraet and abduct the humerus at the shoulder 
joint. 

Adduction: Normally, the upper limb ean be swung 
45° aeross the front of the ehest. This is performed by 
the peetoralis major, latissimns dorsi, teres major, and 
teres minor mnseles. 

Lateral rotation: Normal lateral rotation is 40° to 
45°. This is performed by the infraspinatns, the teres 
minor, and the posterior fibers of the deltoid muscle. 


■ Medial rotation: Normal medial rotation is about 
55°. This is performed by the subscapularis, the latissi- 
mus dorsi, the teres major, and the anterior fibers of the 
deltoid muscle. 

■ Circumduction: This is a eombination of the above 
movements. 

Important Relations 

■ Anteriorly: The subscapularis muscle and the axillary 
vessels and braehial plexus 
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FIGURE 9.35 Interior of the shoulder joint. 
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FIGURE 9.36 The movements possible at the shoulder joint. Pure glenohumeral abduction is possible only as much as about 
120°; further movement of the upper limb above the level of the shoulder requires rotation of the scapula (see text). 
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■ Posteriorly: The infraspinatus and teres minor muscles 

■ Superiorly: The supraspinatus muscle, subacromial 
bursa, eoraeoaeromial ligament, and deltoid muscle 

■ Inferiorly: The long head of the trieeps muscle, the axil- 
lary nerve, and the posterior circumf[ex humeral vessels 

The tendon of the long head of the bieeps muscle passes 
through the joint and emerges beneath the transverse 
ligament. 

The Scapular-Humeral Meehanism 

The seapnla and upper limb are suspended from the elavi- 
ele by the strong eoraeoelavienlar ligament assisted by the 
tone of mnseles. When the seapnla rotates on the ehest wall 
so that the position of the glenoid fossa is altered, the axis 
of rotation may be eonsidered to pass throngh the eoraeo- 
elavienlar ligament. 

Abdnetion of the arm involves rotation of the seapnla 
as well as movement at the shonlder joint. For every 3° of 
abdnetion of the arm, a 2° abdnetion occurs in the shonlder 
joint and a 1° abdnetion occurs by rotation of the seapnla. 
At about 120° of abduction of the arm, the greater tnberos- 
ity of the humerus eomes into eontaet with the lateral edge 
of the aeromion. Fnrther elevation of the arm above the 


head is aeeomplished by rotating the seapnla. Figure 9.37 
summarizes the movements of abdnetion of the arm and 
shows the direetion of pull of the muscles responsible for 
these movements. 

The Upper Arm 
Skin 

Superficial Sensory Nerves 

The sensory nerve supply (Fig. 9.38) to the skin over the 
point of the shonlder to halfway down the deltoid muscle 
is from the supraclavicular nerves (C3 and 4). The skin 
over the lower half of the deltoid is snpplied by the upper 
lateral cutaneous nerve of the arm, a braneh of the axil- 
lary nerve (C5 and 6). The skin over the lateral snrfaee of 
the arm below the deltoid is snpplied by the lower lateral 
cutaneous nerve of the arm, a braneh of the radial nerve 
(C5 and 6). The skin of the armpit and the medial side 
of the arm is snpplied by the medial cutaneous nerve of 
the arm (Tl) and the intereostobraehial nerves (T2). The 
skin of the baek of the arm (Fig. 9.38) is snpplied by 
the posterior cutaneous nerve of the arm, a braneh of 
the radial nerve (C8). 



e L I N I e A L N 0 T E S 


Stabìlìty of the Shoolder Joìnt 

The shallovvness of the glenoid fossa of the seapola and the laek 
of sopport provided by vveak ligaments make this joint an unsta- 
ble structure. Its strength almost entirely depends on the tone 
of the short muscles that bind the upper end of the humerus to 
the scapula—namely, the subscapularis in front, the supraspi- 
natus above, and the infraspinatus and teres minor behind. The 
tendons of these muscles are fused to the underlying capsule of 
the shoulder joint. Together, these tendons form the rotator cuff. 

The least supported part of the joint lies in the inferior loea- 
tion, vvhere it is unprotected by muscles. 

Dìsloeatìons of the Shonlder Joìnt 

The shoulder joint is the most eommonly disloeated large joint. 

Anterior Inferior Disloeation 

Sudden violenee applied to the humerus vvith the joint fully 
abducted tilts the humeral head dovvnvvard onto the inferior 
vveak part of the capsule, vvhieh tears, and the humeral head 
eomes to lie inferior to the glenoid fossa. During this move- 
ment, the aeromion has aeted as a fulcrum. The strong flexors 
and adductors of the shoulder joint novv usually pull the humeral 
head forvvard and upvvard into the subcoracoid position. 


Posterior Disloeations 

Posterior disloeations are rare and are usually caused by direet 
violenee to the front of the joint. On inspeetion of the patient 


vvith shoulder disloeation, the rounded appearanee of the 
shoulder is seen to be lost because the greater tuberosity of 
the humerus is no longer bulging laterally beneath the deltoid 
muscle. A subglenoid displaeement of the head of the humerus 
into the quadrangular spaee ean cause damage to the axillary 
nerve, as indieated by paralysis of the deltoid muscle and loss 
of skin sensation over the lovver half of the deltoid. Dovvnvvard 
displaeement of the humerus ean also streteh and damage the 
radial nerve. 

Shoulder Pain 

The synovial membrane, capsule, and ligaments of the shoulder 
joint are innervated by the axillary nerve and the suprascapular 
nerve. The joint is sensitive to pain, pressure, excessive traetion, 
and distention. The muscles surrounding the joint undergo reflex 
spasm in response to pain originating in the joint, vvhieh in turn 
serves to immobilize the joint and thus reduce the pain. 

Injury to the shoulder joint is follovved by pain, limitation of 
movement, and muscle atrophy ovving to disuse. It is important 
to appreeiate that pain in the shoulder region ean be caused by 
disease elsevvhere andthatthe shoulder jointmay be normal;for 
example, diseases of the spinal eord and vertebral column and 
the pressure of a eervieal rib (see page XXX) ean cause shoul- 
der pain. Irritation of the diaphragmatie pleura or peritoneum 
ean produce referred pain via the phrenie and supraclavicular 
nerves. 
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FIGURE 9.37 Movements of abduction of the shoulder joint and rotation of the scapula and the muscles producing these 
movements. Note that for every 3° of abduction of the arm, a 2° abduction occurs in the shoulder joint, and 1 ° occurs by 
rotation of the scapula. At about 120° of abduction, the greater tuberosity of the humerus hits the lateral edge of the aero- 
mion. Elevation of the arm above the head is aeeomplished by rotating the scapula. S, supraspinatus; D, deltoid;T, trapezius; 
SA, serratus anterior. 



Dermatomes and Cutaneous Nerves 


It may be neeessary for a physieian to test the integrity of the 
spinal eord segments of C3 throogh T1. The diagrams in Figores 
1.23 and 1.24 show the arrangement of the dermatomes of the 
upper limb. It is seen that the dermatomes for the upper eervi- 
eal segments C3 to 6 are loeated along the lateral margin of the 
upper limb; the C7 dermatome is situated on the middle finger; 
and the dermatomes for C8, T1, and T2 are along the medial mar- 
gin of the limb. The nerve fibers from a particular segment of the 
spinal eord, although they exit from the eord in a spinal nerve 




of the same segment, pass to the skin in two or more different 
cutaneous nerves. 

The skin over the point of the shoulder and halfway down the 
lateral surface of the deltoid muscle is supplied by the supracla- 
vicular nerves (C3 and 4). Pain may be referred to this region as a 
result of inflammatory lesions involving the diaphragmatie pleura 
or peritoneum. The afferent stimuli reaeh the spinal eord via the 
phrenie nerves (C3, 4, and 5). Pleurisy, peritonitis, subphrenic 
abseess, or gallbladder disease may therefore be responsible 
for shoulder pain. 
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FIGURE 9.38 Cutaneous innervation of the upper limb. 


Superficial Veins 

The veins of the npper limb ean be divided into two gronps: 
snperfieial and deep. The deep veins eomprise the venae 
eomitantes, which aeeompany all the large arteries, nsnally 
in pairs, and the axillary vein. 

The snperfieial veins of the arm (Fig. 9.39) lie in the 
snperfieial faseia. 

The eephalie vein aseends in the snperfieial faseia on the 
lateral side of the bieeps and, on reaehing the infraelavien- 
lar fossa, drains into the axillary vein. 

The basilie vein aseends in the snperfieial faseia on the 
medial side of the bieeps (Fig. 9.39). Halfvvay up the arm, it 
pierees the deep faseia and at the lower border of the teres 
major joins the venae eomitantes of the braehial artery to 
form the axillary vein. 

Nerve Supply of the Veins 

Like the arteries, the smooth muscle in the wall of the veins 
is innervated by sympathetie postganglionie nerve fibers 
that provide vasomotor tone. The origin of these fibers is 
similar to those of the arteries. 

Superficial LymphVessels 

The snperfieial lymph vessels draining the snperfieial tissnes 
of the upper arm pass upward to the axilla (Fig. 9.40). 
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FIGURE 9.39 Superficial veins of the upper limb. Note the 
eommon variations seen in the region of the elbovv. 
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Venipuncture and Blood Transfnsíon 

The superficial veins are elinieally important and are used for 
venipuncture, transfusion, and eardiae eatheterization. Every 
elinieal professional, in an emergeney, should know where to 
obtain blood from the arm. When a patient is in a state of shoek, 
the superficial veins are not always visible. The eephalie vein 
lies fairly eonstantly in the superficial faseia, immediately pos- 
terior to the styloid proeess of the radius. In the cubital fossa, 
the median cubital vein is separated from the underlying braehial 
artery by the bieipital aponeurosis. This is important because it 
proteets the artery from the mistaken introduction into its lumen 
of irritating drugs that should have been injeeted into the vein. 
The eephalie vein, in the deltopeetoral triangle, frequently eom- 
municates with the external jugular vein by a small vein that 
erosses in front of the elaviele. Fracture of the elaviele ean result 
in rupture of this communicating vein, with the formation of a 
large hematoma. 



lntravenousTransfusìon and Hypovolemìe Shoek 

In extreme hypovolemie shoek, excessive venous tone may 
inhibitvenous blood flow and thus delay the introduction of intra- 
venous blood into the vascular system. 


Anatomy of Basìlìe and Cephalìc Veìn Catheterìzatìon 

The median basilie or basilie veins are the veins of ehoiee for een- 
tral venous eatheterization, because from the cubital fossa until the 
basilie vein reaehes the axillary vein, the basilie vein inereases in 
diameter and is in direet line with the axillary vein (Fig. 9.39). The 
valves in the axillary vein may be troublesome, but abduction of the 
shoulderjointmay permitthe eatheterto move pastthe obstruction. 

The eephalie vein does not inerease in size as it aseends the arm, 
and itfrequently divides into small branehes as it lies within the del- 
topeetoraltriangle. One ormore ofthese branehes may aseend over 
the elaviele and join the external jugular vein. In its usual method of 
termination, the eephalie vein joins the axillary vein at a right angle. 
Itmay be difficultto maneuverthe eatheter aroundthis angle. 


Those from the lateral side of the arm follow the eephalie 
vein to the infraelavienlar gronp of nodes; those from the 
medial side follow the basilie vein to the lateral gronp of 
axillary nodes. 

The deep lymphatie vessels draining the mnseles and 
deep strnetnres of the arm drain into the lateral gronp of 
axillary nodes. 

Faseial Compartments of the Upper Arm 

The npper arm is enelosed in a sheath of deep faseia 
(Fig. 9.41). Two faseial septa, one on the medial side and 
one on the lateral side, extend from this sheath and are 
attaehed to the medial and lateral snpraeondylar ridges of 
the hnmerns, respeetively. By this means, the npper arm is 
divided into an anterior and a posterior faseial eompart- 
ment, eaeh having its mnseles, nerves, and arteries. 

eontents of theAnterior Faseial Compartment 
of the Llpper Arm 

■ Muscles: Bieeps braehii, eoraeobraehialis, and braehialis 

■ Blood supply: Braehial artery (Fig. 9.42) 

■ Nerve supply to the muscles: Musculocutaneous nerve 

■ Structures passing through the eompartment: Muscu- 
locutaneous, median, and ulnar nerves; braehial artery 
and basilie vein. The radial nerve is present in the lower 
part of the eompartment. 

Muscles of the Anterior Faseial Connpartnnent 

The mnseles of the anterior faseial eompartment are shown 
in Fignres 9.43 and 9.44 and are deseribed in Table 9.5. 
Note that the bieeps braehii is a powerful supinator, and 
this aetion is made use of in twisting the corkscrew into 
the eork or driving the screw into wood with a screwdriver. 
The bieeps also is a powerful f[exor of the elbow joint and a 
weak f[exor of the shonlder joint. 



FIGURE9.40 Superficial lymphaties of the upper limb. Note 
the positions of the lymph nodes. 
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FIGURE 9.41 Gross seetion of the upper arm just belovv the level of insertion of the deltoid muscle. Note the division of the 
arm by the humerus and the medial and lateral intermuscular septa into anterior and posterior eompartments. 




Lymphangitis 

infeetion of the lymph vessels (lymphangitis) of the arm is 
eommon. Red streaks along the course of the lymph vessels 
are eharaeteristie of the eondition. The lymph vessels from 
the thumb and index finger and the lateral part of the hand 
follovv the eephalie vein to the infraclavicular group of axil- 
lary nodes; those from the middle, ring, and little fingers and 
from the medial part of the hand follovv the basilie vein to the 
supratrochlear node, vvhieh lies in the superficial faseia just 
above the medial epieondyle of the humerus, and thenee to 
the lateral group of axillary nodes. 


Lymphadenìtis 

Onee the infeetion reaehes the lymph nodes, they beeome 
enlarged and tender, a eondition knovvn as lymphadenitis. 
Most of the lymph vessels from the fingers and palm pass to 
the dorsum of the hand before passing up into the forearm. 
This explains the frequency of inflammatory edema, or even 
abseess formation, vvhieh may occur on the dorsum of the 
hand after infeetion of the fingers or palm. 


Bieeps Braehii and Osteoarthritis of the Shonlder Joint 

Thetendon of the long head of bieeps is attaehed to the supra- 
glenoid tubercle vvithin the shoulder joint. Advaneed osteo- 
arthritie ehanges in the joint ean lead to erosion and fraying 
of the tendon by osteophytie outgrovvths, and rupture of the 
tendon ean occur. 

V___ J 
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FIGURE 9.43 Anterior vievv of the upper arm. The middle portion of the bieeps braehii has been removed to shovv the muscu- 
locutaneous nerve lying in front of the braehialis. 
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FIGURE 9.44 Anterior vievv of the upper arm shovving the insertion of the deltoid and the origin and insertion of the braehialis. 
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TABLE 9.5 

P Muscles of the Arm 




Muscle 

Origin 

Insertion 

Nerve Supply 

Nerve Roots^ 

Aetion 

Anterior Compartment 





Bieeps braehii 

Long head 

Sopraglenoid 

Tuberosity of radius 

Musculocutaneous 

C5,6 

Supinator of forearm 


toberele of seapola 

and bieipital 

nerve 


and flexor of elbovv 



aponeurosis into 



joint; vveakflexor 



deep faseia of 
forearm 



of shoulder joint 

Short head 

Goraeoid proeess of 






seapola 





Goraeobraehialis 

Goraeoid proeess of 

Medial aspeet of shaft 

Musculocutaneous 

C5,6,7 

Flexes arm and also 


seapola 

of humerus 

nerve 


vveak adductor 

Braehialis 

Front of lovver half of 

Goronoid proeess of 

Musculocutaneous 

C5,6 

Flexor of elbovv joint 


humerus 

ulna 

nerve 



Posterior Gompartment 





Trieeps 

Long head 

Infraglenoid tubercle 






of scapula 





Lateral head 

Llpper half of 

Oleeranon proeess of 

Radial nerve 

C6,7,8 

Extensor of elbovv 


posterior surface 
of shaft of humerus 

ulna 



joint 

Medial head 

Lovver half of 






posterior surface 
of shaft of humerus 






•The predominant nerve root sopply is indieated by boldfaee type. 


Structures Passing through the Anterior Faseial 
eonnpartnnent 

Braehial Artery The braehial artery (Figs. 9.42 and 9.43) 
begins at the lower border of the teres major mnsele as a eon- 
tinnation of the axillary artery. It provides the main arterial 
snpply to the arm (Fig. 9.42). It terminates opposite the neek 
of the radins by dividing into the radial and nlnar arteries. 

Relations 

■ Anteriorly: The vessel is snperfieial and is overlapped 
from the lateral side by the eoraeobraehialis and bieeps. 
The medial entaneons nerve of the forearm lies in front 
of the npper part; the median nerve erosses its middle 
part; and the bieipital aponenrosis erosses its lower part 
(Fig. 9.43). 

■ Posteriorly: The artery lies on the trieeps, the eoraeo- 
braehialis insertion, and the braehialis (Fig. 9.43). 

■ Medially: The nlnar nerve and the basilie vein in the 
npper part of the arm; in the lower part of the arm, the 
median nerve lies on its medial side (Fig. 9.43). 

■ Laterally: The median nerve and the eoraeobraehia- 
lis and bieeps mnseles above; the tendon of the bieeps 
lies lateral to the artery in the lower part of its eonrse 
(Fig. 9.43). 


Branehes 

■ Muscular branehes to the anterior eompartment of the 
npper arm 

■ The nutrient artery to the hnmerns 

■ The profnnda artery arises near the beginning of the 
braehial artery and follows the radial nerve into the spi- 
ral groove of the hnmerns (Fig. 9.45). 

■ The snperior ulnar eollateral artery arises near the 
middle of the npper arm and follows the nlnar nerve 
(Fig. 9.45). 

■ The inferior ulnar eollateral artery arises near the ter- 
mination of the artery and takes part in the anastomosis 
aronnd the elbow joint (Fig. 9.45). 

Musculocutaneous Nerve The origin of the musculocu- 
taneous nerve from the lateral eord of the braehial plexus 
(C5, 6, and 7) in the axilla is deseribed on page 352. It runs 
downward and laterally, pierees the eoraeobraehialis mus- 
ele (Fig. 9.15), and then passes downward between the 
bieeps and braehialis mnseles (Fig. 9.43). It appears at the 
lateral margin of the bieeps tendon and pierees the deep 
faseia just above the elbow. It runs down the lateral aspeet 
of the forearm as the lateral cutaneous nerve of the forearm 
(Fig. 9.38). 
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FIGURE9.45 Main arteries of the upper arnn. Note the arterial anastonnosis around the elbovv joint 


Branehes 

■ Muscular branehes to the bieeps, eoraeobraehialis, and 
braehialis (Fig. 9.22) 

■ Cutaneous branehes; the lateral cutaneous nerve of the 
forearm supplies the skin of the front and lateral aspeets 
of the forearm down as far as the root of the thumb. 

■ Artienlar branehes to the elbow joint 

Median Nerve The origin of the median nerve from the 
medial and lateral eords of the braehial plexus in the axilla 
is deseribed on page 352. It runs downward on the lateral 
side of the braehial artery (Fig. 9.43). Halfvvay down the 
upper arm, it erosses the braehial artery and eontinnes 
downward on its medial side. 


The nerve, like the artery, is therefore snperfieial, but 
at the elbow, it is erossed by the bieipital aponeurosis. The 
fiirther course of this nerve is deseribed on page XXX. 

The median nerve has no branehes in the upper arm 
(Fig. 9.22), except for a small vasomotor nerve to the bra- 
ehial artery. 

Ulnar Nerve The origin of the ulnar nerve from the 
medial eord of the braehial plexus in the axilla is deseribed 
on page 353. It runs downward on the medial side of the 
braehial artery as far as the middle of the arm (Fig. 9.43). 
Here, at the insertion of the eoraeobraehialis, the nerve 
pierees the medial faseial septum, aeeompanied by the 
snperior ulnar eollateral artery, and enters the posterior 
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eompartment of the arm; the nerve passes behind the 
medial epieondyle of the humerus. 

The ulnar nerve has no branehes in the anterior eom- 
partment of the upper arm (Fig. 9.23). 

Radìal Nerve On leaving the axilla, the radial nerve immedi- 
ately enters the posterior eompartment of the arm and enters 
the anterior eompartment just above the lateral epieondyle. 

eontents of the Posterior Faseial Compartment 
of the Llpper Arm 

■ Muscle: The three heads of the trieeps muscle 

■ Nerve supply to the muscle: Radial nerve 


■ Blood supply: Profnnda braehii and ulnar eollateral 
arteries 

■ Structures passing through the eompartment: Radial 
nerve and ulnar nerve 

Muscle of the Posterior Faseial Connpartment 

The trieeps muscle is seen in Figure 9.46 and is deseribed 
in Table 9.5. 

Structures Passing through the Posterior Faseial 
Gompartment 

Radial Nerve The origin of the radial nerve from the poste- 
rior eord of the braehial plexus in the axilla is deseribed on 
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FIGIJRE 9.46 Posterior vievv of the upper arm. The lateral head of the trieeps has been divided to display the radial nerve and 
the profynda artery in the spiral groove of the humerus. 
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page 353. The nerve winds aronnd the baek of the arm in 
the spiral groove on the baek of the hnmerns between the 
heads of the trieeps (Fig. 9.46). It pierees the lateral faseial 
septnm above the elbow and eontinnes downward into the 
enbital fossa in front of the elbow, between the braehialis 
and braehioradialis mnseles (Fig. 9.47). In the spiral groove, 
the nerve is aeeompanied by the profnnda vessels, and it lies 
direetly in eontaet with the shaft of the hnmerns (Fig. 9.46). 

Branehes 

■ In the axilla, branehes (Fig. 9.25) are given to the long 
and medial heads of the trieeps, and the posterior cuta- 
neous nerve of the arm is given off. 

■ In the spiral groove (Fig. 9.46), branehes are given to 
the lateral and medial heads of the trieeps and to the 
aneonens. The lower lateral cutaneous nerve of the arm 


snpplies the skin over the lateral and anterior aspeets 
of the lower part of the arm. The posterior cutaneous 
nerve of the forearm runs down the middle of the baek 
of the forearm as far as the wrist. 

■ In the anterior eompartment of the arm, after the nerve 
has piereed the lateral faseial septum, it gives branehes to 
the braehialis, the braehioradialis, and the extensor earpi 
radialis longus muscles (Fig. 9.47). It also gives artienlar 
branehes to the elbow joint. 

Ulnar Nerve Having piereed the medial faseial septum 
halfvvay down the upper arm, the ulnar nerve deseends 
behind the septum, eovered posteriorly by the medial head 
of the trieeps. The nerve is aeeompanied by the snperior 
ulnar eollateral vessels. At the elbow, it lies behind the 
medial epieondyle of the humerus (Fig. 9.46) on the medial 
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FIGIJRE 9.47 Right cubital fossa. 
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ligament of the elbow joint. It eontinnes downward to enter 
the forearm between the two heads of origin of the f[exor 
earpi nlnaris (see page 390). 

Branehes 

The ulnar nerve has an articular braneh to the elbow joint 
(Fig. 9.23). 

Proftinda Braehii Artery The proftmda braehii artery 
arises from the braehial artery near its origin (Fig. 9.45). 
It aeeompanies the radial nerve through the spiral groove, 
supplies the trieeps muscle, and takes part in the anastomo- 
sis around the elbow joint. 

Snperior and Inferior Ulnar Gollateral Arteries The 

superior and inferior ulnar eollateral arteries arise from the 
braehial artery and take part in the anastomosis around the 
elbow joint. 

The Cubital Fossa 


laterally and the braehialis muscle medially. The roof is 
formed by skin and faseia and is reinforeed by the bieipital 
aponeurosis. 

Gontents 

The cubital fossa (Fig. 9.47) eontains the following struc- 
tures, enumerated from the medial to the lateral side: the 
median nerve, the bifnreation of the braehial artery into the 
ulnar and radial arteries, the tendon of the bieeps muscle, 
and the radial nerve and its deep braneh. 

The supratrochlear lymph node lies in the superficial 
faseia over the upper part of the fossa, above the troehlea 
(Fig. 9.40). It reeeives afferent lymph vessels from the third, 
fourth, and fifth fingers; the medial part of the hand; and 
the medial side of the forearm. The efferent lymph vessels 
pass up to the axilla and enter the lateral axillary group of 
nodes (Fig. 9.40). 


The cubital fossa is a triangular depression that lies in front 
of the elbow (Figs. 9.47 and 9.48). 

Boundaries 

■ Laterally: The braehioradialis muscle 

■ Medially: The pronator teres muscle 

The base of the triangle is formed by an imaginary line 
drawn between the two epieondyles of the humerus. 
The floor of the fossa is formed by the supinator muscle 
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FIGURE 9.48 The cubital fossa and anterior surface of the 
forearm in a 27-year-old man. 


Bones of the Forearm 

The forearm eontains two bones: the radius and the ulna. 

Radms 

The radius is the lateral bone of the forearm (Fig. 9.49). 
Its proximal end artienlates with the humerus at the elbow 
joint and with the ulna at the proximal radionlnar joint. Its 
distal end articulates with the seaphoid and lunate bones 
of the hand at the wrist joint and with the ulna at the distal 
radionlnar joint. 

At the proximal end of the radius is the small circular 
head (Fig. 9.49). The upper surface of the head is eoneave 
and articulates with the convex capitulum of the humerus. 
The circumference of the head articulates with the radial 
noteh of the ulna. Below the head, the bone is eonstrieted 
to form the neek. Below the neek is the bieipital tnberosity 
for the insertion of the bieeps muscle. 

The shaft of the radius, in eontradistinetion to that 
of the ulna, is wider below than above (Fig. 9.49). It 
has a sharp interosseons border medially for the attaeh- 
ment of the interosseous membrane that binds the radius 
and ulna together. The pronator tnberele, for the inser- 
tion of the pronator teres muscle, lies halfway down on 
its lateral side. 

At the distal end of the radius is the styloid proeess; this 
projeets distally from its lateral margin (Fig. 9.49). On the 
medial snrfaee is the nlnar noteh, which articulates with 
the round head of the ulna. The inferior artienlar snrfaee 
articulates with the seaphoid and lunate bones. On the pos- 
terior aspeet of the distal end is a small tnberele, the dorsal 
tnberele, which is grooved on its medial side by the tendon 
of the extensor pollieis longus (Fig. 9.49). 

The important mnseles and ligaments attaehed to the 
radius are shown in Figure 9.49. 

Ulna 

The ulna is the medial bone of the forearm (Fig. 9.49). Its 
proximal end artienlates with the humerus at the elbow 
joint and with the head of the radius at the proximal 
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FIGURE 9.49 Important muscular and ligamentous attaehments to the radius and the ulna 


radioulnar joint. Its distal end articulates with the radius at 
the distal radioulnar joint, but it is excluded from the wrist 
joint by the artienlar dise. 

The proximal end of the ulna is large and is known as 
the oleeranon proeess (Fig. 9.49); this forms the promi- 
nenee of the elbow. It has a noteh on its anterior snrfaee, 
the troehlear noteh, which artienlates with the troehlea 
of the humerus. Below the troehlear noteh is the trian- 
gular eoronoid proeess, which has on its lateral snrfaee 
the radial noteh for artienlation with the head of the 
radius. 

The shaft of the ulna tapers from above down (Fig. 
9.49). It has a sharp interosseons border laterally for the 
attaehment of the interosseons membrane. The posterior 
border is ronnded and subcutaneous and ean be easily 
palpated throughout its length. Below the radial noteh 
is the snpinator erest that gives origin to the snpinator 
muscle. 

At the distal end of the ulna is the small ronnded head, 
which has projeeting from its medial aspeet the styloid pro- 
eess (Fig. 9.49). 

The important mnseles and ligaments attaehed to the 
ulna are shown in Figure 9.49. 


Bones of the Hand 

There are eight earpal bones, made up of two rows of 
four (Figs. 9.51 and 9.52). The proximal row eonsists of 
(from lateral to medial) the seaphoid, Innate, triquetral, 
and pisiform bones. The distal row eonsists of (from lat- 
eral to medial) the trapezium, trapezoid, eapitate, and 
hamate bones. Together, the bones of the carpus present 
on their anterior snrfaee a eoneavity, to the lateral and 
medial edges of which is attaehed a strong membranons 
band ealled the flexor retinaculum. In this manner, an 
osteofaseial tunnel, the earpal tunnel, is formed for the 
passage of the median nerve and the f[exor tendons of the 
fingers. 

The bones of the hand are eartilaginons at birth. The 
eapitate begins to ossify during the first year, and the oth- 
ers begin to ossify at intervals thereafter until the 12th year, 
when all the bones are ossified. 

A detailed knowledge of the bones of the hand is 
nnneeessary. The position, shape, and size of the seaphoid 
bone, however, should be studied, because it is eommonly 
fraetnred. The ridge of the trapezinm and the hook of the 
hamate should be examined. 
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Fractures of the Radìus and Ulna 

Fractures of the head of the radius ean occur from falls on the 
outstretched hand. As the foree is transmitted along the radius, 
the head of the radius is driven sharply against the capitulum, 
splitting or splintering the head (Fig. 9.10). 

Fractures of the neek of the radius occur in young ehildren 
from falls on the outstretched hand (Fig. 9.10). 

Fractures of the shafts of the radius and ulna may or may 
not occur together (Fig. 9.10). Displaeement of the fragments is 
usually eonsiderable and depends on the pull of the attaehed 
muscles. The proximal fragment of the radius is supinated by the 
supinator and the bieeps braehii muscles (Fig. 9.10). The distal 
fragment of the radius is pronated and pulled medially by the 
pronator quadratus muscle. The strength of the braehioradialis 
and extensor earpi radialis longus and brevis shortens and angu- 
lates the forearm. In fractures of the ulna, the ulna angulates 
posteriorly. To restore the normal movements of pronation and 
supination, the normal anatomie relationship of the radius, ulna, 
and interosseous membrane must be regained. 

A fracture of one forearm bone may be assoeiated with a dis- 
loeation of the other bone. In Monteggia's fraetnre, for example, 
the shaft of the ulna is fractured by a foree applied from behind. 
There is a bowing forward of the ulnar shaft and an anterior dis- 
loeation of the radial head with rupture of the anular ligament. In 
Galeazzi's fraetnre, the proximal third of the radius is fractured 
and the distal end of the ulna is disloeated atthe distal radioulnar 
joint. 


Fraetnres of the oleeranon proeess ean result from a fall on 
the flexed elbow or from a direet blow. Depending on the loea- 
tion of the fracture line, the bony fragment may be displaeed by 
the pull ofthetrieeps muscle, which is inserted onthe oleeranon 
proeess (Fig. 9.10). Avulsion fractures of part of the oleeranon 
proeess ean be produced by the pull of the trieeps muscle. Good 
functional return after any of these fractures depends on the 
accurate anatomie reduction of the fragment. 

Golles' fraetore is a fracture of the distal end of the radius 
resulting from a fall on the outstretched hand. It eommonly 
occurs in patients older than 50 years. The foree drives the dis- 
tal fragment posteriorly and superiorly, and the distal articular 
surface is inelined posteriorly (Fig. 9.50). This posterior displaee- 
ment produces a posterior bump, sometimes referred to as the 
"dinner-fork deformity" because the forearm and wrist resemble 
the shape of that eating utensil. Failure to restore the distal artie- 
ular surface to its normal position will severely limitthe range of 
flexion of the wrist joint. 

Smith's fracture is a fracture of the distal end of the radius 
and occurs from a fall on the baek of the hand. It is a reversed 
Golles' fracture because the distal fragment is displaeed anteri- 
orly (Fig. 9.50). 


Oleeranon Bursitis 

A small subcutaneous bursa is present over the oleeranon pro- 
eess of the ulna, and repeated trauma often produces ehronie 
bursitis. 

_ ) 



FIGURE 9.50 Fractures of the distal end of the radius. 
A. Golles' fracture. B. Smith's fracture. 


The Metaearpals and Phalanges 

There are five metaearpal bones, eaeh of which has a base, 
a shaft, and a head (Figs. 9.51 and 9.52). 

The first metaearpal bone of the thnmb is the short- 
est and most mobile. It does not lie in the same plane as 
the others but occupies a more anterior position. It is also 


rotated medially throngh a right angle so that its extensor 
snrfaee is direeted laterally and not backward. 

The bases of the metaearpal bones artienlate with the 
distal row of the earpal bones; the heads, which form the 
knnekles, artienlate with the proximal phalanges (Figs. 9.51 
and 9.52). The shaft of eaeh metaearpal bone is slightly 
eoneave forward and is triangnlar in transverse seetion. Its 
snrfaees are posterior, lateral, and medial. 

There are three phalanges for eaeh of the fingers but 
only two for the thumb. 

The important mnseles attaehed to the bones of the 
hand and fingers are shown in Fignres 9.51 and 9.52. 

The Forearm 
Skin 

The sensory nerve snpply to the skin of the forearm is from 
the anterior and posterior branehes of the lateral cutaneous 
nerve of the forearm, a eontinnation of the musculocuta- 
neous nerve, and from the anterior and posterior branehes 
of the medial cutaneous nerve of the forearm (Fig. 9.38). 
A narrow strip of skin down the middle of the posterior 
snrfaee of the forearm is snpplied by the posterior cutaneous 
nerve of the forearm. 

The snperfieial veins of the forearm lie in the super- 
fieial faseia (Fig. 9.39). The eephalie vein arises from the 
lateral side of the dorsal venous areh on the baek of the 
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FIGLIRE 9.51 Important muscular attaehments to the anterior surfaces of the bones of the hand 
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lnjurìes to the Bones of the Hand 

Fracture of the seaphoid bone is eommon in young adolts; unless 
treated effeetively, the fragments will not unite, and permanent 
weakness and pain of the wrist will result, with the subsequent 
development of osteoarthritis. The fracture line usually goes 
through the narrowest part of the bone, which, because of its 
loeation, is bathed in synovial fluid. The blood vessels to the 
seaphoid enter its proximal and distal ends, although the blood 
supply is oeeasionally eonfined to its distal end. If the latter 
occurs, a fracture deprives the proximal fragment of its arte- 
rial supply, and this fragment undergoes avascular neerosis. 
Deep tenderness in the anatomie snuffbox after a fall on the 
outstretched hand in a young adult makes one suspicious of a 
fractured seaphoid. 

Disloeation of the Innate bone oeeasionally occurs in young 
adults who fall on the outstretched hand in a way that causes 



hyperextension of the wrist joint. Involvement of the median 
nerve is eommon. 

Fraetnres of the metaearpal bones ean occur as a result of 
direet violenee, such as the elenehed fist striking a hard objeet. 
The fracture always angulates dorsally. The "boxer's fracture" 
eommonly produces an oblique fracture of the neek of the fifth 
and sometimes the fourth metaearpal bones. The distal fragment 
is eommonly displaeed proximally, thus shortening the finger 
posteriorly. 

Bennett's fraetnre is a fracture of the base of the metaearpal 
of thethumb caused when violenee is applied along the long axis 
of the thumb or the thumb is forcefully abducted. The fracture is 
oblique and enters the earpometaearpal joint ofthethumb, caus- 
ing joint instability. 

Fractures of the phalanges are eommon and usually follow 
direet injury. 


hand and winds aronnd the lateral border of the forearm; it 
then aseends into the enbital fossa and up the front of the 
arm on the lateral side of the bieeps. It terminates in the 
axillary vein in the deltopeetoral triangle (see page 419). 
As the eephalie vein passes up the upper limb, it reeeives 
a variable number of tributaries from the lateral and pos- 
terior snrfaees of the limb (Fig. 9.39). The median enbital 
vein, a braneh of the eephalie vein in the enbital fossa, runs 
upward and medially and joins the basilie vein. In the cubi- 
tal fossa, the median enbital vein erosses in front of the bra- 
ehial artery and the median nerve, but it is separated from 
them by the bieipital aponeurosis. 

The basilie vein arises from the medial side of the dorsal 
venous areh on the baek of the hand and winds around the 
medial border of the forearm; it then aseends into the cubi- 
tal fossa and up the front of the arm on the medial side of 
the bieeps (Fig. 9.39). Its termination, by joining the venae 
eomitantes of the braehial artery to form the axillary vein, 
is deseribed on page 351. It reeeives the median enbital vein 
and a variable number of tributaries from the medial and 
posterior snrfaees of the upper limb. 


The snperfieial lymph vessels from the thumb and 
lateral fingers and the lateral areas of the hand and fore- 
arm follow the eephalie vein to the infraelavienlar group 
of nodes (Fig. 9.40). Those from the medial fingers and 
the medial areas of the hand and the forearm follow the 
basilie vein to the enbital fossa. Here, some of the vessels 
drain into the supratrochlear lymph node, whereas oth- 
ers bypass the node and aeeompany the basilie vein to the 
axilla, where they drain into the lateral group of axillary 
nodes. The efferent vessels from the snpratroehlear node 
also drain into the lateral axillary nodes (Fig. 9.40). 

Faseial Compartments of the Forearm 

The forearm is enelosed in a sheath of deep faseia, which 
is attaehed to the periostenm of the posterior subcuta- 
neous border of the ulna (Fig. 9.53). This faseial sheath, 
together with the interosseons membrane and fibrons 
intermuscular septa, divides the forearm into several 
eompartments, eaeh having its own mnseles, nerves, and 
blood supply. 



eompartment Syndrome of the Forearm 

The forearm is enelosed in a sheath of deep faseia, which is 
attaehedto the periosteom ofthe posteriorsubcutaneous border 
of the ulna (Fig. 9.53). This faseial sheath, together with the inter- 
osseous membrane and fibrous intermuscular septa, divides the 
forearm into several eompartments, eaeh having its own mus- 
eles, nerves, and blood supply. There is very little room within 
eaeh eompartment, and any edema ean cause seeondary vascu- 
lar eompression of the blood vessels; the veins are first affeeted, 
and later the arteries. 


Soft tissue injury is a eommon cause, and early diagnosis is 
eritieal. Early signs include altered skin sensation (caused by iseh- 
emia of the sensory nerves passing through the eompartment), 
pain disproportionate to any injury (caused by pressure on nerves 
within the eompartment), pain on passive stretehing of muscles 
that pass through the eompartment (caused by muscle isehemia), 
tenderness of the skin over the eompartment (a late sign caused 
by edema), and absenee of eapillary refill in the nail beds (caused 
by pressure on the arteries within the eompartment). Onee the 
diagnosis is made, the deep faseia must be ineised surgically 


(eontinaedj 
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to deeompress the affeeted eompartment. A delay of as little as 
4 hours ean cause irreversible damage to the muscles. 


be explained only by understanding the anatomy of the region. 
Three types of deformity exist: 


Volkmann's isehemìe Gontraetnre 

Volkmann's isehemie contracture is a contracture of the mus- 
eles of the forearm that eommonly follovvs fractures of the distal 
end of the humerus or fractures of the radius and ulna. In this 
syndrome, a loealized segment of the braehial artery goes into 
spasm, reducing the arterial flow to the flexor and the exten- 
sor muscles so thatthey undergo isehemie neerosis. The flexor 
muscles are larger than the extensor muscles, and they are 
therefore the ones mainly affeeted. The muscles are replaeed 
by fibrous tissue, which eontraets, producing the deformity. The 
arterial spasm is usually caused by an overtight east, but in some 
eases the fracture itself may be responsible. The deformity ean 


■ The long flexor muscles of the carpus and fingers are more 
eontraeted than the extensor muscles, and the wrist joint is 
flexed; the fingers are extended. If the wrist joint is extended 
passively, the fingers beeome flexed. 

■ The long extensor muscles to the fingers, which are inserted 
into the extensor expansion that is attaehed to the proximal 
phalanx, are greatly eontraeted; the metaearpophalangeal 
joints and the wrist joint are extended, and the interphalan- 
geal joints of the fingers are flexed. 

■ Both the flexor and extensor muscles of the forearm are 
eontraeted. The wrist joint is flexed, the metaearpopha- 
langeal joints are extended, and the interphalangeal joints 
are flexed. 
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FIGURE 9.53 Cross seetion of the forearnn at the level of insertion of the pronator teres nnuscle. 


lnterosseous Membrane 

The interosseous membrane is a strong membrane that 
unites the shafts of the radius and the ulna; it is attaehed 
to their interosseons borders (Figs. 9.49 and 9.53). Its fib- 
ers run obliquely downward and medially so that a foree 
applied to the lower end of the radius (e.g., falling on 
the ontstretehed hand) is transmitted from the radius 
to the ulna and from there to the humerus and seapnla. 
Its fibers are taut when the forearm is in the midprone 
position—that is, the position of fnnetion. The interos- 
seous membrane provides attaehment for neighboring 
mnseles. 


Flexor and Extensor Retinacula 

The fiexor and extensor retinaenla are strong bands of deep 
faseia that hold the long fiexor and extensor tendons in 
position at the wrist. 

Flexor Retinaculunn 

The fiexor retinaculum is a thiekening of deep faseia that 
holds the long fiexor tendons in position at the wrist. It 
stretehes aeross the front of the wrist and eonverts the eon- 
eave anterior snrfaee of the hand into an osteofaseial tun- 
nel, the earpal tunnel, for the passage of the median nerve 
and the fiexor tendons of the thumb and fingers (Fig. 9.54). 
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It is attaehed medially to the pisiform bone and the hook 
of the hamate and laterally to the tnberele of the seaphoid 
and the trapezinm bones. The attaehment to the trapezinm 
eonsists of snperfieial and deep parts and forms a synovial- 
lined tnnnel for passage of the tendon of the fiexor earpi 
radialis. 

The npper border of the retinaenlnm eorresponds 
to the distal transverse skin erease in front of the wrist 
and is eontinnons with the deep faseia of the forearm. 
The lower border is attaehed to the palmar aponenrosis 
(Fig. 9.55). 

Extensor Retinaculunn 

The extensor retinaenlnm is a thiekening of deep faseia 
that stretehes aeross the baek of the wrist and holds the 
long extensor tendons in position (Figs. 9.56 and 9.57). 
It eonverts the grooves on the posterior snrfaee of the distal 
ends of the radins and ulna into six separate tunnels for the 
passage of the long extensor tendons. Eaeh tunnel is lined 
with a synovial sheath, which extends above and below the 
retinaculum on the tendons. The tnnnels are separated 
from one another by fibrons septa that pass from the deep 
snrfaee of the retinaculum to the bones. 

The retinaculum is attaehed medially to the pisiform 
bone and the hook of the hamate and laterally to the 
distal end of the radius. The upper and lower borders of 


the retinaculum are continuous with the deep faseia of the 
forearm and hand, respeetively. 

The eontents of the tnnnels beneath the extensor reti- 
naculum are deseribed on page 397. 

CarpalTunnel 

The bones of the hand and the fiexor retinaculum form 
the earpal tunnel (Fig. 9.54). The median nerve lies in a 
restrieted spaee between the tendons of the fiexor digito- 
rum superficialis and the fiexor earpi radialis mnseles. For 
fiirther details, see page 398. 

eontents of theAnterior Faseial Compartment 
of the Forearm 

■ Muscles: A superficial group, eonsisting of the prona- 
tor teres, the fiexor earpi radialis, the palmaris longus, 
and the fiexor earpi nlnaris; an intermediate group eon- 
sisting of the fiexor digitornm snperfieialis; and a deep 
group eonsisting of the fiexor pollieis longus, the fiexor 
digitorum profundus, and the pronator quadratus 

■ Blood supply to the muscles: Ulnar and radial arteries 

■ Nerve supply to the muscles: All the mnseles are sup- 
plied by the median nerve and its branehes, except the 
fiexor earpi nlnaris and the medial part of the fiexor 
digitornm profimdns, which are snpplied by the ulnar 
nerve. 
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FIGURE9.54 Gross seetion of the hand shovving the relation of the tendons, nerves, and arteries to the flexor and extensor 
retinacula. 
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FIGURE 9.55 Anterior vievv of the palnn of the hand. The palnnar aponeurosis has been left in position 
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FIGURE 9.56 Dorsal surface of the hand shovving the long extensor tendons and their synovial sheaths 
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FIGURE9.57 Disseetion of the dorsal surface of the right hand shovving the long extensor tendons and the extensor retinaculunn. 



Absent Palmarìs Longns 

The palmaris longus muscle may be absent on one or both 
sides of the forearm in about 10% of persons. Others show 
variation in form, such as eentrally or distally plaeed muscle 
belly in the plaee of a proximal one. Because the muscle is 
relatively weak, its absenee produces no disability. 

V___ J 


Muscles of the Anterior Faseial Connpartnnent of 
the Forearnn 

The muscles of the anterior faseial eompartment are seen in 
Figures 9.58,9.59,9.60, and 9.61 and are deseribed in Table 
9.6. Note that the snperfieial group of muscles possesses a 
eommon tendon of origin, which is attaehed to the medial 
epieondyle of the humerus. 

Arteries of the Anterior Faseial Gonnpartnnent of 
the Forearnn 

Ulnar Artery The ulnar artery is the larger of the two ter- 
minal branehes of the braehial artery (Figs. 9.42 and 9.60). 
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It begins in the enbital fossa at the level of the neek of 
the radins. It deseends throngh the anterior eompartment 
of the forearm and enters the palm in front of the f[exor 
retinaenlnm in eompany with the nlnar nerve (Fig. 9.62). 
It ends by forming the snperfieial palmar areh, often anas- 
tomosing with the snperfieial palmar braneh of the radial 
artery (Fig. 9.62). 


In the npper part of its eonrse, the nlnar artery lies deep 
to most of the fiexor mnseles. Below, it beeomes snperfieial 
and lies between the tendons of the flexor earpi nlnaris and 
the tendons of the fiexor digitornm snperfieialis. In front 
of the fiexor retinaenlnm, it lies just lateral to the pisiform 
bone and is eovered only by skin and faseia (site for taking 
ulnar pulse). 


TABLE 9. 

Muscles of the Anterior Faseial Compartment of the Forearm 


Muscle 

Origin 

Insertion 

Nerve Snpply 

Nerve 

Roots^ 

Aetion 

Pronator Teres 






Humeral head 

Medial epieondyle of 
humerus 

Lateral aspeet of shaft 
of radius 

Median nerve 

C6,7 

Pronation and flexion of 
forearm 

Lllnar head 

Medial border of 
eoronoid proeess of 
ulna 





Flexor earpi 
radíalís 

Medial epieondyle of 
humerus 

Bases of seeond and 
third metaearpal 
bones 

Median nerve 

C6,7 

Flexes and abducts 
hand at vvrist joint 

Palmaris 

longus 

Medial epieondyle of 
humerus 

Flexor retinaculum and 
palmar aponeurosis 

Median nerve 

C7,8 

Flexes hand 

Flexor Garpi Lllnaris 

Humeral head Medial epieondyle of 

humerus 

Pisiform bone, hook of 
the hamate, base at 
fifth metaearpal bone 

Lllnar nerve 

C8;T1 

Flexes and adducts 
hand at vvrist joint 

Lllnar head 

Medial aspeet of 
oleeranon proeess 
and posterior border 
of ulna 





Flexor Digitorum Superficialis 





Humeroulnar 

head 

Medial epieondyle of 
humerus; medial 
border of eoronoid 
proeess of ulna 

Middle phalanx of 
medial four fingers 

Median nerve 

C7, 8; T1 

Flexes middle phalanx 
of fingers and assists 
in flexing proximal 
phalanx and hand 

Radial head 

Oblique line on anterior 
surface of shaft of 
radius 





Flexor pollieis 
longus 

Anterior surface of shaft 
of radius 

Distal phalanx of thumb 

Anterior interosseous 
braneh of median 

nerve 

C8;T1 

Flexes distal phalanx of 
thumb 

Flexor 

digitorum 

profundus 

Anteromedial surface of 
shaft of ulna 

Distal phalanges of 
medial four fingers 

Lllnar (medial half) 
and median (lateral 
half) nerves 

C8;T1 

Flexes distal phalanx 
of fingers; then 
assists in flexion of 
middle and proximal 
phalanges and vvrist 

Pronator 

quadratus 

Anterior surface of shaft 
of ulna 

Anterior surface of shaft 
of radius 

Anterior interosseous 
braneh of median 

nerve 

C8;T1 

Pronates forearm 


"'The predominant nerve root sopply is indieated by boldfaee type. 
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medial intermuscular septum 
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FIGURE 9.58 Anterior vievv of the forearm. The middle portion of the braehioradialis muscle has been removed to display the 
superficial braneh of the radial nerve and the radial artery. 


Branehes 

■ Muscular branehes to neighboring mnseles 

■ Recurrent branehes that take part in the arterial anasto- 
mosis aronnd the elbow joint (Fig. 9.61) 

■ Branehes that take part in the arterial anastomosis 
around the wrist joint 

■ The eommon interosseons artery, which arises from 
the npper part of the nlnar artery and after a brief eonrse 
divides into the anterior and posterior interosseons 
arteries (Fig. 9.61). The interosseons arteries are 
distribnted to the mnseles lying in front of and behind 


the interosseons membrane; they provide nntrient arter- 
ies to the radins and ulna bone. 

Radial Artery The radial artery is the smaller of the ter- 
minal branehes of the braehial artery. It begins in the 
cubital fossa at the level of the neek of the radius (Figs. 
9.58, 9.59, and 9.60). It passes downward and laterally, 
beneath the braehioradialis muscle and resting on the 
deep mnseles of the forearm. In the middle third of its 
course, the superficial braneh of the radial nerve lies on 
its lateral side. 
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FIGLIRE 9.59 Disseetion of the front of the left forearm and hand shovving the superficial structures. 


In the distal part of the forearm, the radial artery lies 
on the anterior snrfaee of the radins and is eovered only 
by skin and faseia. Here, the artery has the tendon of bra- 
ehioradialis on its lateral side and the tendon of f[exor 
earpi radialis on its medial side (site for taking the radial 
pnlse). 

The radial artery leaves the forearm by winding aronnd 
the lateral aspeet of the wrist to reaeh the posterior snrfaee 
of the hand (see page 406). 

Branehes in the Forearnn 

■ Muscular branehes to neighboring mnseles 

■ Recurrent braneh, which takes part in the arterial anas- 
tomosis aronnd the elbow joint (Fig. 9.60) 

■ Snperfieial palmar braneh, which arises just above the 
wrist (Fig. 9.60), enters the palm of the hand, and fre- 
quently joins the ulnar artery to form the snperfieial 
palmar areh 

Nerves of the Anterior Faseial Gonnpartnnent of 
the Forearnn 

Median Nerve The median nerve leaves the enbital fossa 
by passing between the two heads of the pronator teres 
(Fig. 9.60). It eontinnes downward behind the f[exor digi- 


torum superficialis and rests posteriorly on the fiexor dig- 
itornm profundus. At the wrist, the median nerve emerges 
from the lateral border of the fiexor digitornm snperfi- 
eialis muscle and lies behind the tendon of the palmaris 
longus (Figs. 9.58, 9.59, and 9.60). It enters the palm by 
passing behind the f[exor retinaculum (see pages 394 
and 395). 

Branehes 

■ Muscular branehes in the enbital fossa to the pronator 
teres, the fiexor earpi radialis, the palmaris longus, and 
the fiexor digitornm snperfieialis (Fig. 9.22) 

■ Artienlar branehes to the elbow joint 

■ Anterior interosseons nerve 

■ Palmar cutaneous braneh. This arises in the lower part 
of the forearm and is distribnted to the skin over the 
lateral part of the palm (Fig. 9.38). 

Anterior Interosseons Nerve The anterior interosseons nerve 
arises from the median nerve as it emerges from between the 
two heads of the pronator teres. It passes downward on the 
anterior snrfaee of the interosseons membrane, between the 
fiexor pofiieis longus and the fiexor digitornm profimdns 
(Fig. 9.61). It ends on the anterior snrfaee of the carpus. 
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FIGURE 9.60 Anterior vievv of the forearm. Most of the superficial muscles have been removed to display the flexor digitorum 
superficialis, median nerve, superficial braneh of the radial nerve, and radial artery. Note that the ulnar head of the pronator 
teres separates the median nerve from the ulnar artery. 


Branehes 

■ Muscular branehes to the flexor pollieis longus, the pro- 
nator quadratus, and the lateral half of the flexor digito- 
rum profundus 

■ Articular branehes to the wrist and distal radionlnar 
joints. It also snpplies the joints of the hand. 

Ulnar Nerve The ulnar nerve (Fig. 9.61) passes from 
behind the medial epieondyle of the humerus, erosses the 
medial ligament of the elbow joint, and enters the front of 
the forearm by passing between the two heads of the flexor 
earpi nlnaris. It then runs down the forearm between the 
flexor earpi nlnaris and the flexor digitornm profundus 
muscles. In the distal two thirds of the forearm, the ulnar 


artery lies on the lateral side of the ulnar nerve (Fig. 9.61). 
At the wrist, the ulnar nerve beeomes snperfleial and lies 
between the tendons of the flexor earpi nlnaris and flexor 
digitornm snperfleialis mnseles (Figs. 9.58 and 9.59). The 
ulnar nerve enters the palm of the hand by passing in front 
of the flexor retinaculum and lateral to the pisiform bone; 
here, it has the ulnar artery lateral to it (see page 394). 

Branehes 

■ Muscular branehes to the flexor earpi nlnaris and 
to the medial half of the flexor digitornm profundus 
(Fig. 9.23) 

■ Artienlar branehes to the elbow joint 
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FIGURE 9.61 Anterior vievv of the forearnn shovving the deep structures. 


The palmar cutaneous braneh is a small braneh that 
arises in the middle of the forearm (Fig. 9.38) and sup- 
plies the skin over the hypothenar eminenee. 

The dorsal posterior cutaneous braneh is a large 
braneh that arises in the distal third of the forearm. It 
passes medially between the tendon of the f[exor earpi 
ulnaris and the ulna and is distribnted on the posterior 
snrfaee of the hand and fingers. 


Gontents of the Lateral Faseial eompartment of 
the Forearm 

The lateral faseial eompartment may be regarded as part of 
the posterior faseial eompartment. 

■ Mnseles: Braehioradialis and extensor earpi radialis 
longus 

■ Blood supply: Radial and braehial arteries 
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FIGURE 9.62 Anterior vievv of the palm of the hand. The palmar aponeurosis and the greater part of the flexor retinaculum 
have been removed to display the superficial palmar areh, the median nerve, and the long flexor tendons. Segments of the 
tendons of the flexor digitorum superficialis have been removed to shovv the underlying tendons of the flexor digitorum 
profundus. 


■ Nerve supply to the muscles: Radial nerve 

Muscles ofthe Lateral Faseial Compartnnent ofthe 
Forearm 

The muscles of the lateral faseial eompartment of the fore- 
arm are seen in Figures 9.58 and 9.60 and are deseribed in 
Table 9.7. 

Arteries of the Lateral Gompartment of the 
Forearm 

The arterial supply is derived from branehes of the radial 
and braehial arteries. 

Nerve of the Lateral Gompartment of the Forearm 

Radial Nerve The radial nerve pierees the lateral inter- 
muscular septum in the lower part of the arm and 
passes forward into the enbital fossa (Fig. 9.47). It then 
passes downward in front of the lateral epieondyle of the 
humerus, lying between the braehialis on the medial side 
and the braehioradialis and extensor earpi radialis longus 
on the lateral side (Fig. 9.60). At the level of the lateral 
epieondyle, it divides into snperfieial and deep branehes 
(Figs. 9.60 and 9.61). 


Branehes 

■ Muscular branehes to the braehioradialis, to the exten- 
sor earpi radialis longus, and a small braneh to the lat- 
eral part of the braehialis muscle (Fig. 9.25) 

■ Articular branehes to the elbow joint 

■ Deep braneh of the radial nerve. This winds around 
the neek of the radius, within the snpinator muscle 
(Fig. 9.61), and enters the posterior eompartment of the 
forearm (Fig. 9.61). 

■ Snperfieial braneh of the radial nerve 

Snperfieial Braneh of the Radial Nerve The snperfieial 
braneh of the radial nerve is the direet eontinnation of the 
nerve after its main stem has given off its deep braneh in 
front of the lateral epieondyle of the humerus (Fig. 9.60). 
It runs down under eover of the braehioradialis muscle on 
the lateral side of the radial artery. In the distal part of the 
forearm, it leaves the artery and passes backward under 
the tendon of the braehioradialis (Fig. 9.60). It reaehes the 
posterior snrfaee of the wrist, where it divides into terminal 
branehes that supply the skin on the lateral two thirds of 
the posterior snrfaee of the hand (Fig. 9.38) and the poste- 
rior snrfaee over the proximal phalanges of the lateral three 

























Basie Anatomy 393 


TABLE 9.7 

P Muscles of the Lateral Faseial Compartment of the Forearm 


Muscle 

Origin 

Insertion 

Nerve Supply 

Nerve Roots^ 

Aetion 

Braehioradialis 

Lateral supracon- 
dylar ridge of 
humerus 

Base of styloid pro- 
eess of radius 

Radial nerve 

C5,6,7 

Flexes forearm 
at elbovv joint; 
rotates forearm 
to the midprone 
position 

Extensor earpi 
radialis longus 

Lateral supracon- 
dylar ridge of 
humerus 

Posterior surface 
of base of see- 
ond metaearpal 
bone 

Radial nerve 

C6,7 

Extends and 
abducts hand at 
vvrist joint 


^The predominant nerve root sopply is indieated by boldfaee type. 


and a half fingers. The area of skin snpplied by the nerve on 
the dorsnm of the hand is variable. 

eontents of the Posterior Faseial Compartment 
of the Forearm 

■ Muscles: The superficial group inelndes the extensor 
earpi radialis brevis, extensor digitornm, extensor digiti 
minimi, extensor earpi nlnaris, and aneonens. These 
mnseles possess a eommon tendon of origin, which is 
attaehed to the lateral epieondyle of the hnmerns. The 
deep group inelndes the snpinator, abdnetor pollieis 
longns, extensor pollieis brevis, extensor pollieis longns, 
and extensor indieis. 

■ Blood supply: Posterior and anterior interosseons arteries 

■ Nerve supply to the muscles: Deep braneh of the radial 
nerve 

Muscles of the Posterior Faseial Connpartnnent of 
the Forearnn 

The mnseles of the posterior faseial eompartment are seen 
in Fignres 9.64 and 9.65 and are deseribed in Table 9.8. 



Stenosìng Synovìtis of the Abdnetor Pollíeis 
Longns and Extensor Pollieis Brevis Tendons 

As a result of repeated frietion betvveen these tendons and the 
styloid proeess of the radius, they sometimes beeome edema- 
tous and svvell. Later, fibrosis of the synovial sheath produces 
a eondition knovvn as stenosing tenosynovitis in vvhieh move- 
ment of the tendons beeomes restrieted. Advaneed eases 
require surgical ineision along the eonstrieting sheath. 

V___ J 


Arteries of the Posterior Faseial eompartment of 
the Forearm 

The anterior and posterior interosseous arteries arise 
from the eommon interosseons artery, a braneh of the 
nlnar artery (Figs. 9.61 and 9.65). They pass downward 
on the anterior and posterior snrfaees of the interosseons 


membrane, respeetively, and snpply the adjoining mnseles 
and bones. They end by taking part in the anastomosis 
aronnd the wrist joint. 



Rupture of the Extensor Pollìeìs Longus Tendon 

Rupture of this tendon ean occur after fracture of the distal 
third of the radius. Roughening of the dorsal tubercle of the 
radius by the fracture line ean cause excessive frietion on the 
tendon, vvhieh ean then rupture. Rheumatoid arthritis ean also 
cause rupture of thistendon. 


ij 


Anatomie Snuffbox 


fr 


The anatomie snuffbox is a term eommonly used to deseribe a 
triangular skin depression on the lateral side of the vvrist that 
is bounded medially by the tendon of the extensor pollieis lon- 
gus and laterally bythetendons of the abductor pollieis longus 
and extensor pollieis brevis (Fig. 9.64). Its elinieal importanee 
lies in the faetthatthe seaphoid bone is most easily palpated 
here and that the pulsations of the radial artery ean be felt 
here (Fig. 9.100). 



Tennìs Elbovv 

Tennis elbovv is caused by a partial tearing or degeneration of 
the origin of the superficial extensor muscles from the lateral 
epieondyle of the humerus. It is eharaeterized by pain and ten- 
derness over the lateral epieondyle of the humerus, vvith pain 
radiating dovvn the lateral side of the forearm; it is eommon in 
tennis players, violinists, and housevvives. 

V___ J 
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FIGURE 9.63 I nsertions of long flexor and extensor tendons in the fingers. Insertions of the lymbrieal and interossei muscles 
are also shovvn.The uppermost figure illustrates the aetion of the lumbrical and interossei muscles in flexing the metaear- 
pophalangeal joints and extending the interphalangeal joints. 


Nerve of the Posterior Faseial Connpartnnent of the 
Forearnn 

Deep Braneh of the Radial Nerve The deep braneh arises 
from the radial nerve in front of the lateral epieondyle of 
the hnmerns in the enbital fossa (Fig. 9.61). It pierees the 
snpinator and winds aronnd the lateral aspeet of the neek 
of the radins in the snbstanee of the mnsele to reaeh the 
posterior eompartment of the forearm. The nerve deseends 
in the interval between the snperfieial and deep gronps of 
mnseles (Fig. 9.65). It eventnally reaehes the posterior sur- 
faee of the wrist joint. 

Branehes 

■ Mnsenlar branehes to the extensor earpi radialis brevis 
and the supinator, the extensor digitornm, the extensor 
digiti minimi, the extensor earpi nlnaris, the abdnetor 
pollieis longus, the extensor pollieis brevis, the extensor 
pollieis longus, and the extensor indieis 

■ Artienlar branehes to the wrist and earpal joints 

The Region of the Wrist 

Before learning the anatomy of the hand, it is essential that 
a stndent have a sound knowledge of the arrangement of 


the tendons, arteries, and nerves in the region of the wrist 
joint. From a elinieal standpoint, the wrist is a eommon site 
for injury. 

In a transverse seetion throngh the wrist (Fig. 9.54), 
identify the structures from medial to lateral. At the same 
time, examine your own wrist and identify as many of the 
structures as possible. 

Structures on the Anterior Aspeet of the 
Wrist 

The following structures pass superficial to the fiexor reti- 
naculum from medial to lateral (Fig. 9.54): 

■ Flexor earpi ulnaris tendon, ending on the pisiform 
bone. (This tendon does not aetnally eross the fiexor ret- 
inaculum but is included for the sake of eompleteness.) 

■ Ulnar nerve lies lateral to the pisiform bone. 

■ Ulnar artery lies lateral to the ulnar nerve. 

■ Palmar cutaneous braneh of the ulnar nerve 

■ Palmaris longus tendon (if present), passing to its 
insertion into the fiexor retinaculum and the palmar 
aponenrosis 

■ Palmar cutaneous braneh of the median nerve 
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trieeps 
ulnar nerve 


medial epieondyle 
oleeranon proeess 


flexor earpi ulnaris 


posterior subcutaneous 
border of ulna 


supinator 


flexor digitorum profundus 


flexor earpi ulnaris 


posterior cutaneous braneh 

of ulnar nerve 


extensor earpi ulnaris 


extensor digiti minimi 


extensor digitorum 


extensor digitorum 



braehioradialis 


lateral epieondyle 

extensor earpi radialis longus 

extensor earpi radialis brevis 

anconeus 
extensor digitorum 
extensor digiti minimi 
extensor earpi ulnaris 

deep braneh of radial nerve 


posterior interosseous artery 


extensor earpi ulnaris 


extensor digiti minimi 


extensor retinaculum 


abductor pollieis longus 
extensor pollieis brevis 


extensor pollieis longus 


extensor indieis 


FIGURE 9.64 Posterior vievv of the forearm. Parts of the extensor digitorum, extensor digiti minimi, and extensor earpi ulnaris 
have been removed to shovv the deep braneh of the radial nerve and the posterior interosseous artery. 


The following strnetnres pass beneath the flexor retinaen- 
lum from medial to lateral (Fig. 9.54): 

■ Flexor digitorum superficialis tendons and, posterior 
to these, the tendons of the flexor digitorum profundus; 
both groups of tendons share a eommon synovial sheath. 

■ Median nerve 




Flexor pollieis longus tendon surrounded by a synovial 
sheath 

Flexor earpi radialis tendon going throngh a split in 
the flexor retinaculum. The tendon is surrounded by a 
synovial sheath. 
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anconeus 


medial epieondyle 


extensor earpi ulnaris 
extensor digiti minimi 


extensor digitorum 


supinator 
interosseous recurrent artery 


deep braneh of radial nerve and 
posterior interosseous artery 


flexor digitorum profundus 


extensor earpi radialis brevis 
extensor earpi radialis longus 
braehioradialis 


anterior interosseous artery 
piereing interosseous membrane 


extensor pollieis longus 


extensor indieis 


posterior metaearpal arteries 



abductor pollieis longus 
extensor pollieis brevis 


extensor earpi radialis longus 


extensor earpi radialis brevis 


radial artery 


first dorsal interosseous 


FIGURE 9.65 Posterior vievv of the forearm. The superficial muscles have been removed to display the deep structures 


Structures on the Posterior Aspeet of the 
Wrist 

The following strnetnres pass snperfìeial to the extensor 
retinaenlnm from medial to lateral (Fig. 9.54): 

■ Dorsal (posterior) cutaneous braneh of the ulnar 
nerve 

■ Basìlìe veìn 

■ Gephalie vein 

■ Snperfieial braneh of the radial nerve 


The following strnetnres pass beneath the extensor retinae- 
ulum from medial to lateral (Fig. 9.54): 

■ Extensor earpi nlnaris tendon, which grooves the pos- 
terior aspeet of the head of the ulna 

■ Extensor digiti minimi tendon is sitnated posterior to 
the distal radionlnar joint. 

■ Extensor digitornm and extensor indieis tendons 

share a eommon synovial sheath and are sitnated on the 
lateral part of the posterior snrfaee of the radius. 
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TABLE 9.8 ^ 


Muscles of the Posterior Faseial Compartment of the Forearm 


Muscle 



Insertion Nerve Supply Nerve Roots^ Aetion 



Extensor earpi 
radialis brevis 

Lateral epieondyle of 
humerus 

Posterior surface 
of base of third 
metaearpal bone 

Deep braneh of 
radial nerve 

C7,8 

Extends and abducts 
hand at vvrist joint 

Extensor 

digitorom 

Lateral epieondyle of 
humerus 

Middle and distal 
phalanges of 
medial four 
fingers 

Deep braneh of 
radial nerve 

C7,8 

Extends fingers and hand 
(see textfor details) 

Extensor digiti 
minimi 

Lateral epieondyle of 
humerus 

Extensor expansion 
of little finger 

Deep braneh of 
radial nerve 

C7,8 

Extends metaearpal 
phalangeal joint of little 
finger 

Extensor earpi 
olnaris 

Lateral epieondyle of 
humerus 

Base of 5th 
metaearpal bone 

Deep braneh of 
radial nerve 

C7,8 

Extends and adducts 
hand at vvrist joint 

Aneoneos 

Lateral epieondyle of 
humerus 

Lateral surface 
of oleeranon 
proeess of ulna 

Radial nerve 

C7,8; T1 

Extends elbovv joint 

Sopinator 

Lateral epieondyle of 
humerus, anular 
ligament of proximal 
radioulnar joint, and 
ulna 

Neek and shaft of 
radius 

Deep braneh of 
radial nerve 

C5,6 

Supination of forearm 

Abdoetor pollieis 
longus 

Posterior surface of 
shafts of radius and 
ulna 

Base of first 
metaearpal bone 

Deep braneh of 
radial nerve 

C7,8 

Abducts and extends 
thumb 

Extensor pollieis 
brevis 

Posterior surface of 
shaft of radius 

Base of proximal 
phalanx of thumb 

Deep braneh of 
radial nerve 

C7,8 

Extends 

metaearpophalangeal 
joints of thumb 

Extensor pollieis 
longus 

Posterior surface of 
shaft of ulna 

Base of distal 
phalanx of thumb 

Deep braneh of 
radial nerve 

C7,8 

Extends distal phalanx of 
thumb 

Extensor indieis 

Posterior surface of 
shaft of ulna 

Extensor expansion 
of index finger 

Deep braneh of 
radial nerve 

C7,8 

Extends 

metaearpophalangeal 


joint of index finger 


®The predominant nerve root sopply is indieated by boldfaee type. 


■ Extensor pollieis longns tendon winds aronnd the 
medial side of the dorsal tnberele of the radins. 

■ Extensor earpi radialis longns and brevis tendons 
share a eommon synovial sheath and are sitnated on the 
lateral part of the posterior snrfaee of the radins. 

■ Abdnetor pollieis longns and the extensor pollieis bre- 
vis tendons have separate synovial sheaths but share a 
eommon eompartment. 

Beneath the extensor retinaculum, fibrous septa pass to the 
underlying radius and ulna and form six eompartments 
that eontain the tendons of the extensor mnseles. Eaeh 
eompartment is provided with a synovial sheath, which 
extends above and below the retinaculum. 

The radial artery reaehes the baek of the hand by passing 
between the lateral eollateral ligament of the wrist joint and 
the tendons of the abdnetor pollieis longus and extensor 
pollieis brevis (Fig. 9.65). 


The Palm of the Hand 

Skin 

The skin of the palm of the hand is thiek and hairless. It is 
bound down to the nnderlying deep faseia by numerous 
fibrous bands. The skin shows many fiexure ereases at the 
sites of skin movement, which are not neeessarily plaeed at 
the site of joints. Sweat glands are present in large nnmbers. 

The palmaris brevis (Fig. 9.55) is a small muscle that 
arises from the fiexor retinaculum and palmar aponenrosis 
and is inserted into the skin of the palm. It is snpplied by the 
snperfieial braneh of the ulnar nerve. Its fimetion is to eor- 
rugate the skin at the base of the hypothenar eminenee and 
so improve the grip of the palm in holding a ronnded objeet. 

The sensory nerve supply to the skin of the palm (Figs. 
9.38 and 9.55) is derived from the palmar entaneons 
braneh of the median nerve, which erosses in front of the 
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flexor retinaculum and snpplies the lateral part of the palm, 
and the palmar cutaneous braneh of the ulnar nerve; the 
latter nerve also erosses in front of the flexor retinaculum 
(Fig. 9.54) and snpplies the medial part of the palm. 

The skin over the base of the thenar eminenee is sup- 
plied by the lateral cutaneous nerve of the forearm or the 
snperfieial braneh of the radial nerve (Fig. 9.38). 

Deep Faseia 

The deep faseia of the wrist and palm is thiekened to form 
the flexor retinaculum (deseribed on page XXX) and the 

palmar aponeurosis. 

The Palmar Aponeurosis 

The palmar aponenrosis is triangnlar and oeenpies the een- 
tral area of the palm (Fig. 9.55). The apex of the palmar 
aponenrosis is attaehed to the distal border of the flexor 
retinaculum and reeeives the insertion of the palmaris lon- 
gus tendon (Fig. 9.55). The base of the aponenrosis divides 
at the bases of the flngers into four slips. Eaeh slip divides 
into two bands, one passing snperfleially to the skin and 
the other passing deeply to the root of the flnger; here eaeh 
deep band divides into two, which diverge around the flexor 
tendons and flnally fnse with the flbrons flexor sheath and 
the deep transverse ligaments. 

The medial and lateral borders of the palmar aponeu- 
rosis are continuous with the thinner deep faseia eovering 
the hypothenar and thenar mnseles. From eaeh of these 
borders, flbrons septa pass posteriorly into the palm and 
take part in the formation of the palmar faseial spaees (see 
page 404). 

The fnnetion of the palmar aponenrosis is to give flrm 
attaehment to the overlying skin and so improve the grip 
and to proteet the nnderlying tendons. 



Dupuytren's Contracture 

Dupuytren's contracture is a loealized thiekening and eon- 
tracture of the palmar aponeurosis, vvhieh limits hand func- 
tion and may eventually disable the hand. It eommonly starts 
near the root of the ring finger and dravvs that finger into the 
palm, flexing it at the metaearpophalangeal joint. Later, the 
eondition involves the little finger in the same manner. In 
long-standing eases, the pull on the fibrous sheaths of these 
fingers results in flexion of the proximal interphalangeal 
joints. The distal interphalangeal joints are not involved and 
are actually extended by the pressure of the fingers against 
the palm. 

Surgical division of the fibrous bands follovved by physio- 
therapy to the hand is the usual form of treatment. The alter- 
native treatment of injeetion of the enzyme eollagenase into 
the eontraeted bands of fibrous tissue has been shovvn to 
signifieantly reduce the contractures and improve mobility. 

V___ J 


The Garpal Tunnel 

The carpus is deeply eoneave on its anterior snrfaee and 
forms a bony gutter. The gutter is eonverted into a tunnel 
by the flexor retinaculum (Fig. 9.54). 

The long flexor tendons to the flngers and thumb pass 
through the tunnel and are aeeompanied by the median 
nerve. The four separate tendons of the flexor digitornm 
snperfleialis muscle are arranged in anterior and posterior 
rows, those to the middle and ring flngers lying in front 
of those to the index and little flngers. At the lower bor- 
der of the flexor retinaculum, the four tendons diverge and 
beeome arranged on the same plane (Fig. 9.62). 

The tendons of the flexor digitornm profundus mus- 
ele are on the same plane and lie behind the snperfleialis 
tendons. 

All eight tendons of the flexor digitornm snperfleialis 
and profundus invaginate a eommon synovial sheath from 
the lateral side (Fig. 9.54). This allows the arterial supply to 
the tendons to enter them from the lateral side. 

The tendon of the flexor pollieis longus muscle runs 
throngh the lateral part of the tunnel in its own synovial 
sheath. 

The median nerve passes beneath the flexor retinaculum 
in a restrieted spaee between the flexor digitornm snperfl- 
eialis and the flexor earpi radialis mnseles (Fig. 9.54). 
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Garpal Tunnel Syndrome 

The earpal tunnel, formed by the eoneave anterior surface 
of the earpal bones and elosed by the flexor retinaculum, is 
tightly paeked vvith the long flexor tendons of the fingers, vvith 
their surrounding synovial sheaths, and the median nerve 
(Fig. 9.54). eiinieally, the syndrome eonsists of a burning pain 
or "pins and needles" along the distribution of the median 
nerve to the lateral three and a half fingers and vveakness 
of the thenar muscles. It is produced by eompression of the 
median nerve vvithin the tunnel. The exact cause of the eom- 
pression is difficult to determine, but thiekening of the syno- 
vial sheaths of the flexor tendons or arthritie ehanges in the 
earpal bones are thought to be responsible in many eases. 
As you vvould expect, no paresthesia occurs over the thenar 
eminenee because this area of skin is supplied by the palmar 
cutaneous braneh of the median nerve, vvhieh passes super- 
fieially to the flexor retinaculum. The eondition is dramatieally 
relieved by deeompressing the tunnel by making a longitudinal 
ineision through the flexor retinaculum. 


Fibrous Flexor Sheaths 

The anterior snrfaee of eaeh flnger, ffom the head of the met- 
aearpal to the base of the distal phalanx, is provided with a 
strong flbrons sheath that is attaehed to the sides of the phalan- 
ges (Fig. 9.66). The proximal end of the flbrons sheath is open, 
whereas the distal end of the sheath is elosed and is attaehed to 
the base of the distal phalanx. The sheath and the bones form a 
blind tnnnel in which the flexor tendons of the flnger lie. 
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fibrous flexor sheath . 


digital synovial sheath opened 
to show flexor tendons 


digital synovial sheath 


eommon flexor synovial sheath (ulnar bursa) 


flexor digitorum superficialis 



insertion of flexor digitorum profundus 


synovial sheath for flexor pollieis 
longus (radial bursa) 


flexor retinaculum 


fibrous flexor sheath 


synovial 

sheath 


flexor pollieis longus 


digital artery 


flexor earpi radialis 


synovial sheath for flexor earpi radialis 



flexor digitorum superficialis 


palmar digital nerve 
flexor digitorum profundus 


dorsal digital nerve 
dòrsal extensor expansion 


proximal phalanx 

FIGLIRE 9.66 Anterior vievv of the palm of the hand shovving the flexor synovial sheaths. Gross seetion of a finger is also 
shovvn. 


In the thnmb, the osteofibrons tnnnel eontains the ten- 
don of the fiexor pollieis longns. In the ease of the four 
medial fingers, the tunnel is oeenpied by the tendons of the 
fiexor digitornm snperfieialis and profundus (Fig. 9.66). 
The fibrous sheath is thiek over the phalanges but thin and 
lax over the joints. 

Synovial Flexor Sheaths 

In the hand, the tendons of the fiexor digitornm snperfi- 
eialis and profundus muscles invaginate a eommon syno- 
vial sheath from the lateral side (Fig. 9.54). The medial 
part of this eommon sheath extends distally without inter- 
rnption on the tendons of the little finger. The lateral part 
of the sheath stops abrnptly on the middle of the palm, 
and the distal ends of the long fiexor tendons of the index. 


the middle, and the ring fingers acquire digital synovial 
sheaths as they enter the fingers. The fiexor pollieis lon- 
gus tendon has its own synovial sheath that passes into 
the thumb. These sheaths allow the long tendons to move 
smoothly, with a minimnm of frietion, beneath the fiexor 
retinaculum and the fibrons fiexor sheaths. 

The synovial sheath of the fiexor pollieis longus 
(sometimes referred to as the radial bnrsa) communi- 
eates with the eommon synovial sheath of the snperfi- 
eialis and profundus tendons (sometimes referred to as 
the nlnar bnrsa) at the level of the wrist in about 50% 
of subjects. 

The vinenla longa and brevia are small vasenlar folds of 
synovial membrane that eonneet the tendons to the ante- 
rior snrfaee of the phalanges (Fig. 9.63). They resemble a 
mesentery and eonvey blood vessels to the tendons. 




e L I N I e A L N 0 T E S 


Tenosynovìtìs of the Synovìal Sheaths of the Flexor 
Tendons 

Tenosynovitis is an infeetion of a synovial sheath. It most eom- 
monly results from the introduction of baeteria into a sheath 
through a small penetrating wound, such as that made by the 


point of a needle or thorn. Rarely, the sheath may beeome 
infeeted by extension of a pulp-space infeetion. 

infeetion of a digital sheath results in distention of the sheath 
with pus; the finger is held semiflexed and is swollen. Any 
attempt to extend the finger is aeeompanied by extreme pain 



(continued} 
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because the distended sheath is stretehed. As the inflammatory 
proeess continues, the pressure vvithin the sheath rises and may 
eompress the blood supply to the tendons that travel in the vin- 
cula longa and brevia (Fig. 9.63). Rupture or later severe searring 
of the tendons may follovv. 

Afurther inerease in pressure ean causethe sheath to rupture 
at its proximal end. Anatomieally, the digital sheath of the index 
finger is related to the thenar spaee, vvhereas that of the ring 
finger is related to the midpalmar spaee. The sheath for the 
middle finger is related to both the thenar and midpalmar spaees. 


These relationships explain hovv infeetion ean extend from the 
digital synovial sheaths and involve the palmar faseial spaees. 

In the ease of infeetion of the digital sheaths of the little fin- 
ger and thumb, the ulnar and radial bursae are quickly involved. 
Should such an infeetion be negleeted, pus may burst through 
the proximal ends of these bursae and enter the faseial spaee 
of the forearm betvveen the flexor digitorum profundus ante- 
riorly and the pronator quadratus and the interosseous mem- 
brane posteriorly. This faseial spaee in the forearm is eommonly 
referred to elinieally as the spaee of Parona. 


Insertion of the Long Flexor Tendons 

Eaeh tendon of the flexor digitornm snperfleialis enters 
the flbrons flexor sheath; opposite the proximal phalanx it 
divides into two halves, which pass aronnd the profnndns 
tendon and meet on its deep or posterior snrfaee, where 
partial deenssation of the flbers takes plaee (Fig. 9.63). The 
snperfleialis tendon, having nnited again, divides almost 
at onee into two fnrther slips, which are attaehed to the 
borders of the middle phalanx. Eaeh tendon of the flexor 
digitornm profnndns, having passed throngh the division 
of the snperfleialis tendon, eontinnes downward, to be 
inserted into the anterior snrfaee of the base of the distal 
phalanx (Fig. 9.63). 




e L I N I e A L N 0 T E S 


Trìgger Finger 

In trigger finger, there is a palpable and even audible snap- 
ping vvhen a patient is asked to flex and extend the fingers. 

It is caused by the presenee of a loealized svvelling of one of 
the long flexor tendons that eatehes on a narrovving of the 
fibrous flexor sheath anterior to the metaearpophalangeal 
joint. It may take plaee either in flexion or in extension. A simi- 
lar eondition occurring in the thumb is ealled trigger thumb. 
The situation ean be relieved surgically by ineising the fibrous 
flexor sheath. 

V_ J 

Small Muscles of the Hand 

The small muscles of the hand include the four lumbrical 
muscles, the eight^ interossei mnseles, the short mnseles of 
the thumb, and the short mnseles of the little flnger. The 
mnseles are seen in Fignres 9.55, 9.67, 9.68, and 9.69 and 
are deseribed in Table 9.9. 


^There are eight interossei, eonsisting of four dorsal and four pal- 
mar muscles. Some authors deseribe only three palmar interossei 
and state that the first palmar interosseons is in reality a seeond 
head to the flexor pollieis brevis: others believe that it is part of the 
addnetor pollieis muscle. 


Short Muscles of the Thumb 

The short mnseles of the thumb are the abductor pollieis 
brevis, the flexor pollieis brevis, the opponens pollieis, and 
the addnetor pollieis (Figs. 9.59, 9.62, and 9.67). The flrst 
three of these mnseles form the thenar eminenee. 

Opposition of theThumb 

It should be noted that the opponens pollieis muscle pulls 
the thumb medially and forward aeross the palm so that 
the palmar snrfaee of the tip of the thumb may eome into 
eontaet with the palmar snrfaee of the tips of the other fln- 
gers. It is an important muscle and enables the thumb to 
form one claw in the pineer-like aetion used for pieking 
up objeets. This complex movement involves a flexion of 
the earpometaearpal and metaearpophalangeal joints and 
a small amount of abdnetion and medial rotation of the 
metaearpal bone at the earpometaearpal joint. 

Abduction of theThumb 

Abdnetion of the thumb may be deflned as a movement 
forward of the thumb in the anteroposterior plane. It 
takes plaee at the earpometaearpal joint and the metaear- 
pophalangeal joint. 

Adduction of theThumb 

This movement ean be deflned as a movement backward 
of the abdneted thumb in the anteroposterior plane. 
It restores the thumb to its anatomie position, which is flush 
with the palm. The adductor pollieis is the muscle that, in 
assoeiation with the flexor pollieis longus and the opponens 
pollieis mnseles, is largely responsible for the power of the 
pineers grip of the thumb. Adduction of the thumb occurs 
at the earpometaearpal and at the metaearpophalangeal 
joint. 

Short Muscles of the Little Finger 

The short mnseles of the little flnger are the abdnetor digiti 
minimi, the flexor digiti minimi brevis, and the opponens 
digiti minimi, which together form the hypothenar emi- 
nenee (Figs 9.59, 9.62, and 9.67). 

Opposition of the Little Finger 

The opponens digiti minimi muscle is only eapable of rotat- 
ing the flfth metaearpal bone to a slight degree. However, 
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flexor digitorum profundus 


flexor digitorum superficialis 


palmar ligament of joint 


deep transverse palmar ligament 

palmar metaearpal artery 

deep palmar areh 

deep braneh of ulnar nerve 
opponens digiti minimi 

flexor digiti minimi 

abductor digiti minimi 

ulnar artery and nerve 

flexor earpi ulnaris 


fibrous flexor sheath 



flexor digitorum superficialis 
first lumbrical 


first dorsal interosseous 


flexor pollieis longus 


ansverse head of 
adductor pollieis 


oblique head of 
adductor pollieis 
opponens pollieis 

abductor pollieis brevis 

flexor pollieis brevis 
abductor pollieis longus 

radial artery 


flexor digitorum profundus 


flexor pollieis longus 


flexor earpi radialis 

FIGURE 9.67 Anterior vievv of the palm of the hand. The long flexor tendons have been removed from the palm, but their 
method of insertion into the fingers is shovvn. 


seeond dorsal interosseous 
third dorsal interosseous 

seeond palmar interosseous 

third palmar interosseous 


fourth dorsal interosseous 


fourth palmar interosseous 


adductor pollieis 


deep palmar areh 


opponens digiti minimi 


abductor digiti minimi 


ulnar artery and nerve 



first dorsal interosseous 


sesamoid bones 


abductor pollieis brevis 


flexor pollieis brevis 


first palmar interosseous 


radial artery 
abductor pollieis longus 


flexor earpi radialis 
flexof retinaculum 

FIGURE 9.68 Anterior vievv of the palm of the hand shovving the deep palmar areh and the deep terminal braneh of the ulnar 
nerve.The interossei are also shovvn. 
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dorsal interossei palmar interossei 


extensor digitorum 


interosseous 

FIGURE9.69 Orig ins and insertion of the palmar and the 
dorsal interossei muscles.The aetions of these muscles are 
also shovvn. 



it assists the flexor digiti minimi in flexing the earpometa- 
earpal joint of the little flnger, thereby pnlling the flfth met- 
aearpal bone forward and enpping the palm. 

Arteries of the Palm 

Lllnar Artery 

The ulnar artery enters the hand anterior to the flexor 
retinaculum on the lateral side of the ulnar nerve and 
the pisiform bone (Fig. 9.62). The artery gives off a deep 
braneh and then continues into the palm as the snperfleial 
palmar areh. 

The superficial palmar areh is a direet continuation of 
the ulnar artery (Fig. 9.62). On entering the palm, it curves 
laterally behind the palmar aponeurosis and in front of the 
long flexor tendons. The areh is eompleted on the lateral 
side by one of the branehes of the radial artery. The curve 
of the areh lies aeross the palm, level with the distal border 
of the fully extended thumb. 

Four digital arteries arise from the convexity of the areh 
and pass to the flngers (Fig. 9.62). 

The deep braneh of the ulnar artery arises in front 
of the flexor retinaculum, passes between the abdnetor 
digiti minimi and the flexor digiti minimi, and joins the 
radial artery to eomplete the deep palmar areh (Figs. 9.67 
and 9.68). 


TABLE 9.£ 

B Small Maseles of the Hand 



'N 

Muscle 

Origin 

Insertion 

Nerve Supply 

Nerve Roots^ 

Aetion 

Palmaris brevis 

Flexor retinaculum, 

Skin of palm 

Superficial braneh 

C8; T1 

Corrugates skin to 


palmar 


of ulnar nerve 


improve grip of palm 


aponeurosis 





Lumbricals (4) 

Tendons of flexor 

Extensor expansion 

Ist and 2nd, 

C8; T1 

Flex 


digitorum 

of medial four 

(i.e., lateral two) 


metaearpophalangeal 


profundus 

fingers 

median nerve; 


joints and extend 




3rd and 4th 


interphalangeal joints 




deep braneh of 


of fingers except 




ulnar nerve 


thumb 

Interossei(8) 






Palmar (4) 

First arises from base 

ProKÌmal phalanges 

Deep braneh of 

C8; T1 

Palmar interossei adduct 


of Ist metaearpal; 

of thumb and 

ulnar nerve 


fingers toward eenter 


remaining three 

index, ring, and 



of third finger 


from anterior 

little fingers and 





surface of shafts 

dorsal extensor 





of 2nd, 4th, and 5th 

expansion of eaeh 





metaearpals 

finger (Fig. 9.69) 




Dorsal (4) 
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TABLE 9.9 

P Small Maseles of the Hand (continued) 



Muscle 

Origin 

Insertion 

Nerve Supply 

Nerve Roots^ 

Aetion 

Short Muscles of Thumb 

Abductor pollieis Seaphoid, trapezium, 

brevis flexor retinaculum 

Base of proximal 
phalanx of thumb 

Median nerve 

C8;T1 

Abduction of thumb 

Rexor pollieis 
brevis 

Flexor retinaculum 

Base of proximal 
phalanx of thumb 

Median nerve 

C8;T1 

Flexes 

metaearpophalangeal 
joint of thumb 

Opponens 

pollieis 

Flexor retinaculum 

Shaft of metaearpal 
bone of thumb 

Median nerve 

C8;T1 

Pulls thumb medially and 
forvvard aeross palm 

Adductor pollieis 

0blique head; 2nd 
and 3rd metaearpal 
bones; transverse 
head; 3rd 
metaearpal bone 

Base of proximal 
phalanx of thumb 

Deep braneh of 
ulnar nerve 

C8; T1 

Adduction of thumb 

Short Muscles of Little Finger 





Abductor digiti 
minimi 

Pisiform bone 

Base of proximal 
phalanx of little 
finger 

Deep braneh of 
ulnar nerve 

C8; T1 

Abducts little finger 

Flexor digiti 
minimi 

Flexor retinaculum 

Base of proximal 
phalanx of little 
finger 

Deep braneh of 
ulnar nerve 

C8; T1 

Flexes little finger 

Opponens digiti 
minimi 

Flexor retinaculum 

Medial border fifth 
metaearpal bone 

Deep braneh of 
ulnar nerve 

C8; T1 

Pulls 5th metaearpal 
forvvard as in cupping 
the palm 


®The predominant nerve root sopply is indieated by boldfaee type. 


Radial Artery 

The radial artery leaves the dorsum of the hand by turn- 
ing forward between the proximal ends of the first and see- 
ond metaearpal bones and the two heads of the first dorsal 
interosseons muscle (see page 406). On entering the palm, 
it curves medially between the oblique and transverse heads 
of the addnetor pollieis and eontinnes as the deep palmar 
areh (Figs. 9.67 and 9.68). 

The deep palmar areh is a direet eontinnation of the 
radial artery (Fig. 9.68). It curves medially beneath the 
long fiexor tendons and in front of the metaearpal bones 
and the interosseons mnseles. The areh is eompleted on 
the medial side by the deep braneh of the ulnar artery. The 
curve of the areh lies at a level with the proximal border of 
the extended thumb. 

The deep palmar areh sends branehes snperiorly, which 
take part in the anastomosis around the wrist joint, and 
inferiorly, to join the digital branehes of the snperfieial pal- 
mar areh. 

Branehes of the Radial Artery in the Palnn 

Immediately on entering the palm, the radial artery gives 
off the arteria radialis indieis, which snpplies the lateral 
side of the index finger, and the arteria prineeps pollieis, 


which divides into two and snpplies the lateral and medial 
sides of the thumb. 

Veins of the Palm 

Superficial and deep palmar arterial arehes are aeeompa- 
nied by snperfieial and deep palmar venous arehes, reeeiv- 
ing eorresponding tribntaries. 

Lymph Drainage of the Palm 

The lymph vessels of the fingers pass along their borders to 
reaeh the webs. From here, the vessels aseend onto the dor- 
sum of the hand. Lymph vessels on the palm form a plexus 
that is drained by vessels that aseend in front of the forearm 
or pass around the medial and lateral borders to join vessels 
on the dorsum of the hand. 

The lymph from the medial side of the hand aseends in 
vessels that aeeompany the basilie vein; they drain into the 
supratrochlear nodes and then aseend to drain into the 
lateral axillary nodes. The lymph from the lateral side of 
the hand aseends in vessels that aeeompany the eephalie 
vein; they drain into the infraclavicular nodes, and some 
drain into the lateral axillary nodes. 
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Nerves of the Palm 

Medìan Nerve 

The median nerve enters the palm by passing behind 
the flexor retinaculum and throngh the earpal tnnnel. It 
immediately divides into lateral and medial branehes. 

The mnsenlar braneh takes a reenrrent course around 
the lower border of the flexor retinaculum and lies about 
one flngerbreadth distal to the tubercle of the seaphoid; it 
supplies the muscles of the thenar eminenee (the abdnetor 
pollieis brevis, the flexor pollieis brevis, and the opponens 
pollieis) and the Ist inmbrieal muscle. 

The entaneons branehes supply the palmar aspeet of 
the lateral three and a half flngers and the distal half of the 
dorsal aspeet of eaeh flnger. One of these branehes also sup- 
plies the seeond inmbrieal muscle. 

Note also that the palmar entaneons braneh of the 
median nerve given off in the front of the forearm (Fig. 9.55) 
erosses anterior to the flexor retinaculum and supplies the 
skin over the lateral part of the palm (Fig. 9.38). 

Lllnar Nerve 

The ulnar nerve enters the palm anterior to the flexor 
retinaculum alongside the lateral border of the pisiform 
bone (Figs. 9.55 and 9.62). As it erosses the retinaculum, it 
divides into a snperfleial and a deep terminal braneh. 

Superficial Braneh of the Lllnar Nerve 

The snperfleial braneh of the ulnar nerve deseends into 
the palm, lying in the subcutaneous tissue between the 
pisiform bone and the hook of the hamate (Figs. 9.55 
and 9.62). The ulnar artery is on its lateral side. Here, the 
nerve and artery may lie in a flbro-osseous tunnek the 
tunnel of Guyon, ereated by flbrons tissue derived from 
the superflcial part of the flexor retinaculum. The nerve 
may be eompressed at this site, giving rise to elinieal signs 
and symptoms. 

The nerve gives off the following branehes: a muscular 
braneh to the palmaris brevis and cutaneous branehes to 
the palmar aspeet of the medial side of the little flnger and 
the adjaeent sides of the little and ring flngers (Fig. 9.62). 
It also snpplies the distal half of the dorsal aspeet of eaeh 
flnger. 

Deep Braneh of the Lllnar Nerve 

The deep braneh of the ulnar nerve runs backward between 
the abdnetor digiti minimi and the flexor digiti minimi 
(Fig. 9.67). It pierees the opponens digiti minimi, winds 
around the Iower border of the hook of the hamate, and 
passes laterally within the eoneavity of the deep palmar 
areh. The nerve lies behind the long flexor tendons and in 
front of the metaearpal bones and interosseons mnseles. 
It gives off muscular branehes to the three mnseles of the 
hypothenar eminenee, namely, the abdnetor digiti minimi, 
the flexor digiti minimi, and the opponens digiti minimi. 
It snpplies all the palmar and dorsal interossei, the 3rd and 
4th inmbrieal muscles, and both heads of the addnetor pol- 
lieis muscle. 


The palmar cutaneous braneh of the ulnar nerve given 
off in the front of the forearm erosses anterior to the flexor 
retinaculum (Fig. 9.54) and snpplies the skin over the 
medial part of the palm (Fig. 9.38). 

Faseial Spaees of the Palm 

Normally, the faseial spaees of the palm are potential spaees 
fllled with loose eonneetive tissue. Their boundaries are 
important elinieally beeanse they may limit the spread of 
infeetion in the palm. 

The triangnlar palmar aponeurosis fans out from the 
lower border of the flexor retinaculum (Fig. 9.55). From 
its medial border, a flbrous septum passes backward and 
is attaehed to the anterior border of the 5th metaearpal 
bone (Fig. 9.70). Medial to this septum is a faseial eom- 
partment eontaining the three hypothenar mnseles; this 
eompartment is nnimportant elinieally. From the lateral 
border of the palmar aponenrosis, a seeond flbrons sep- 
tum passes obliquely backward to the anterior border of 
the third metaearpal bone (Fig. 9.70). Usually, the septum 
passes between the long flexor tendons of the index and 
middle flngers. This seeond septum divides the palm into 
the thenar spaee, which lies lateral to the septum (and 
must not be eonfnsed with the faseial eompartment eon- 
taining the thenar mnseles), and the midpalmar spaee, 
which lies medial to the septum (Fig. 9.70). Proximally, 
the thenar and midpalmar spaees are elosed off from the 
forearm by the walls of the earpal tunnel. Distally, the 
two spaees are continuous with the appropriate lumbrical 
eanals (Fig. 9.70). 

The thenar spaee eontains the first lumbrical mus- 
ele and lies posterior to the long flexor tendons to the 
index finger and in front of the adductor pollieis muscle 
(Fig. 9.70). 

The midpalmar spaee eontains the 2nd, 3rd, and 4th 
inmbrieal mnseles and lies posterior to the long flexor ten- 
dons to the middle, ring, and little flngers. It lies in front 
of the interossei and the third, fourth, and flfth metaearpal 
bones (Fig. 9.70). 

The lumbrical eanal is a potential spaee surrounding 
the tendon of eaeh inmbrieal muscle and is normally fllled 
with eonneetive tissue. Proximally, it is continuous with 
one of the palmar spaees. 

Faseìal Spaees of the Palm and infeetìon 

The faseial spaees of the palm (Fig. 9.70) are elinieally impor- 
tant beeaose they ean beeome infeeted and distended with 
pus as a result of the spread of infeetion in acute suppura- 
tive tenosynovitis; rarely, they ean beeome infeeted after pen- 
etrating wounds such as falling on a dirty nail. 

V___ J 
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FIGURE 9.70 Palmar and pulp faseial spaees. 


Pulp Spaee of the Fingers 

The deep faseia of the pulp of eaeh finger fuses with the 
periosteum of the terminal phalanx just distal to the 
insertion of the long fiexor tendons and eloses off a faseial 
eompartment known as the pulp spaee (Fig. 9.70). Eaeh 
pulp spaee is subdivided by the presenee of numerous 
septa, which pass from the deep faseia to the periosteum. 
Through the pulp spaee, which is filled with fat, runs 
the terminal braneh of the digital artery that snpplies 
the diaphysis of the terminal phalanx. The epiphysis of 
the distal phalanx reeeives its blood supply proximal to 
the pulp spaee. 




e L I N I e A L N 0 T E S 


Pulp-Space infeetìon (Felon) 

The pulp spaee of the fingers is a elosed faseial eompartment 
situated in front of the terminal phalanx of eaeh finger (Fig. 9.70). 
infeetion of such a spaee is eommon and serious, occurring 
most often in the thumb and index finger. Baeteria are usu- 
ally introduced into the spaee by pinprieks or sevving needles. 


Because eaeh spaee is subdivided into numerous smaller eom- 
partments by fibrous septa, it is easily understood thatthe accu- 
mulation of inflammatory exudate vvithin these eompartments 
causes the pressure in the pulp spaee to quickly rise. If the 
infeetion is left vvithout deeompression, infeetion of the terminal 
phalanx ean occur. In children,the blood supply to the diaphysis 
of the phalanx passes through the pulp spaee, and pressure on 
the blood vessels could result in neerosis of the diaphysis. The 
proximally loeated epiphysis of this bone is saved because it 
reeeives its arterial supply just proximal to the pulp spaee. 

The elose relationship of the proximal end of the pulp 
spaee to the digital synovial sheath accounts for the involve- 
ment of the sheath in the infectious proeess vvhen the pulp- 
spaee infeetion has been negleeted. 

V___ J 

The Dorsum of the Hand 

Skin 

The skin on the dorsnm of the hand is thin, hairy, and freely 
mobile on the nnderlying tendons and bones. 

The sensory nerve snpply to the skin on the dorsnm 
of the hand is derived from the snperfieial braneh of the 
radial nerve and the posterior entaneons braneh of the 
nlnar nerve. 
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The superficial braneh of the radial nerve winds 
aronnd the radins deep to the braehioradialis tendon, 
deseends over the extensor retinaenlnm, and snpplies the 
lateral two thirds of the dorsnm of the hand (Fig. 9.38). 
It divides into several dorsal digital nerves that snpply 
the thnmb, the index and middle fingers, and the lateral 
side of the ring finger. The area of skin on the baek of the 
hand and fingers snpplied by the radial nerve is snbjeet to 
variation. Frequently, a dorsal digital nerve, a braneh of 
the ulnar nerve, also snpplies the lateral side of the ring 
finger. 

The posterior cutaneous braneh of the ulnar nerve 

winds around the ulna deep to the fiexor earpi nlnaris 
tendon, deseends over the extensor retinaculum, and 
snpplies the medial third of the dorsum of the hand 
(Fig. 9.38). It divides into several dorsal digital nerves 
that supply the medial side of the ring and the sides of 
the little fingers. 

The dorsal digital branehes of the radial and ulnar 
nerves do not extend far beyond the proximal phalanx. The 
remainder of the dorsum of eaeh finger reeeives its nerve 
supply from palmar digital nerves. 



Mallet Fìnger 

Avulsion of the insertion of one of the extensor tendons into 
the distal phalanges ean occur if the distal phalanx is foreibly 
flexed when the extensor tendon is taut. The last 20° of aetive 
extension is lost, resulting in a eondition known as mallet 
finger (Fig. 9.71). 


Bontonníère Deformíty 

Avulsion of the eentral slip of the extensor tendon proximal 
to its insertion into the base of the middle phalanx results in 
a eharaeteristie deformity (Fig. 9.71 C). The deformity results 
from flexing of the proximal interphalangeal joint and hyper- 
extension of the distal interphalangeal joint. This injury ean 
result from direet end-on trauma to the finger, direet trauma 
over the baek of the proximal interphalangeal joint, or laeera- 
tion of the dorsum of the finger. 

V_1_ J 


Dorsal Venous Areh (or Network) 

The dorsal venous areh lies in the subcutaneous tissue 
proximal to the metaearpophalangeal joints and drains 
on the lateral side into the eephalie vein and, on the 
medial side, into the basilie vein (Fig. 9.100). The greater 
part of the blood from the whole hand drains into the 
areh, which reeeives digital veins and freely eommnni- 
eates with the deep veins of the palm throngh the interos- 
seous spaees. 

Insertion of the Long Extensor Tendons 

The four tendons of the extensor digitornm emerge from 
under the extensor retinaculum and fan out over the dor- 
sum of the hand (Figs. 9.56 and 9.57). The tendons are 
embedded in the deep faseia, and together they form the 
roof of a subfascial spaee, which oeenpies the whole width 
of the dorsum of the hand. Strong oblique fibrous bands 
eonneet the tendons to the little, ring, and middle fingers, 
proximal to the heads of the metaearpal bones. The tendon 
to the index finger is joined on its medial side by the tendon 
of the extensor indieis, and the tendon to the little finger is 
joined on its medial side by the two tendons of the extensor 
digiti minimi (Fig. 9.55). 

On the posterior snrfaee of eaeh finger, the extensor 
tendon joins the faseial expansion ealled the extensor 
expansion (Figs. 9.56 and 9.57). Near the proximal inter- 
phalangeal joint, the extensor expansion splits into three 
parts: a eentral part, which is inserted into the base of 
the middle phalanx, and two lateral parts, which eon- 
verge to be inserted into the base of the distal phalanx 
(Fig. 9.63). 

The dorsal extensor expansion reeeives the tendon of 
insertion of the eorresponding interosseons muscle on eaeh 
side and farther distally reeeives the tendon of the lumbri- 
eal muscle on the lateral side (Fig. 9.63). 


The Radial Artery on the Dorsnm 
of the Hand 

The radial artery winds around the lateral margin of the 
wrist joint, beneath the tendons of the abdnetor pollieis 
longus and extensor pollieis brevis, and lies on the lateral 
ligament of the joint (Fig. 9.65). On reaehing the dorsum 
of the hand, the artery deseends beneath the tendon of 
the extensor pollieis longus to reaeh the interval between the 
two heads of the first dorsal interosseons muscle; here, 
the artery turns forward to enter the palm of the hand 
(see page 403). 

Branehes of the radial artery on the dorsum of the 
hand take part in the anastomosis around the wrist joint. 
Dorsal digital arteries pass to the thumb and index finger 
(Fig. 9.65). 

Joints of the IJpper Limb 

The sternoelavienlar joint, the aeromioelavienlar joint, 
and the shonlder joint are fully deseribed on pages 362 
and 364. 

Elbow Joint 

■ Artienlation: This occurs between the troehlea and 
capitulum of the humerus and the troehlear noteh of the 
ulna and the head of the radius (Fig. 9.72). The articular 
surfaces are eovered with hyaline eartilage. 

■ Type: Synovial hinge joint 

■ Capsule: Anteriorly, it is attaehed above to the humerus 
along the upper margins of the eoronoid and radial fos- 
sae and to the front of the medial and lateral epieondyles 
and below to the margin of the eoronoid proeess of the 
ulna and to the anular ligament, which surrounds the 
head of the radius. Posteriorly, it is attaehed above to 
the margins of the oleeranon fossa of the humerus and 
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FIGURE 9.71 A. Posterior view of normal dorsal extensor expansion. The extensor expansion near the proximal interphalan- 
geal joint splits into three parts: a eentral part, which is inserted into the base of the middle phalanx, and two lateral parts, 
which eonverge to be inserted into the base of the distal phalanx. B. Mallet or baseball finger. The insertion of the extensor 
expansion into the base of the distal phalanx ruptured; sometimes, a flake of bone on the base of the phalanx is pulled off. 
e. Boutonnière deformity. The insertion of the extensor expansion into the base of the middle phalanx is ruptured.The arrows 
indieate the direetion of the pull of the muscles and the deformity. 
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FIGURE 9.72 Right elbow joint. A. Lateral view. B. Medial view. C. Anterior view of the interior of the joint. D. Sagittal seetion. 
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below to the upper margin and sides of the oleeranon 
proeess of the ulna and to the anular ligament. 

■ Ligaments: The lateral ligament (Fig. 9.72) is triangular 
and is attaehed by its apex to the lateral epieondyle of the 
humerus and by its base to the upper margin of the anu- 
lar ligament. The medial ligament is also triangular and 
eonsists prineipally of three strong bands: the anterior 
band, which passes from the medial epieondyle of the 
humerus to the medial margin of the eoronoid proeess; 
the posterior band, which passes from the medial epi- 
eondyle of the humerus to the medial side of the oleera- 
non; and the transverse band, which passes between the 
ulnar attaehments of the two preeeding bands. 

■ Synovial membrane: This lines the capsule and eovers 
fatty pads in the floors of the eoronoid, radial, and olee- 
ranon fossae; it is continuous below with the synovial 
membrane of the proximal radioulnar joint. 

■ Nerve snpply: Branehes from the median, ulnar, muscu- 
locutaneous, and radial nerves 

Movements 

The elbow joint is eapable of flexion and extension. Flexion 
is limited by the anterior snrfaees of the forearm and arm 
eoming into eontaet. Extension is eheeked by the tension of 
the anterior ligament and the braehialis muscle. Flexion is 
performed by the braehialis, bieeps braehii, braehioradialis, 
and pronator teres muscles. Extension is performed by the 
trieeps and anconeus muscles. 

It should be noted that the long axis of the extended 
forearm lies at an angle to the long axis of the arm. This 


angle, which opens laterally, is ealled the earrying angle 

and is about 170° in the male and 167° in the female. The 

angle disappears when the elbow joint is fully flexed. 

Important Relations 

■ Anteriorly: The braehialis, the tendon of the bieeps, the 
median nerve, and the braehial artery 

■ Posteriorly: The trieeps muscle, a small bursa 
intervening 

■ Medially: The nlnar nerve passes behind the medial 
epieondyle and erosses the medial ligament of the 
joint. 

■ Laterally: The eommon extensor tendon and the 
supinator. 

Proximal Radioulnar Joint 

■ Artienlation: Between the circumference of the head of 
the radius and the anular ligament and the radial noteh 
on the ulna (Figs. 9.72 and 9.73) 

■ Type: Synovial pivot joint 

■ Gapsnle: The capsule eneloses the joint and is continu- 
ous with that of the elbow joint. 

■ Ligament: The annlar ligament is attaehed to the ante- 
rior and posterior margins of the radial noteh on the 
ulna and forms a eollar around the head of the radius 
(Fig. 9.73). It is continuous above with the capsule of the 
elbow joint. It is not attaehed to the radius. 

■ Synovial membrane: This is continuous above with that 
of the elbow joint. Below it is attaehed to the inferior 



Stabilìty of Elbow Joínt 

The elbovv joint is stable beeaose of the vvreneh-shaped articu- 
lar surface of the oleeranon and the pulley-shaped troehlea of 
the humerus; it also has strong medial and lateral ligaments. 
When examining the elbovv joint, the physieian must remember 
the normal relations of the bony points. In extension, the medial 
and lateral epieondyles and the top of the oleeranon proeess are 
in a straight line; in flexion, the bony points form the boundaries 
of an equilateral triangle. 

Disloeatíons of tbe Elbow Joint 

Elbovv disloeations are eommon, and most are posterior. 
Posterior disloeation usually follovvs falling on the outstretched 
hand. Posterior disloeations of the joint are eommon in ehildren 
because the parts of the bones that stabilize the joint are ineom- 
pletely developed. Avulsion of the epiphysis of the medial epi- 
eondyle is also eommon in ehildhood because then the medial 
ligament is much stronger than the bond of union betvveen the 
epiphysis and the diaphysis. 

Artbroeentesis of tbe Elbow Joínt 

The anterior and posterior vvalls of the capsule are vveak, and 

vvhen the joint is distended vvith fluid, the posterior aspeet of the 
\__ 



joint beeomes svvollen. Aspiration of joint fluid ean easily be per- 
formed through the baek of the joint on either side of the oleera- 
non proeess. 


Damage to tbe Ulnar Nerve wítb Elbow Joínt Injnríes 

The elose relationship of the ulnar nerve to the medial side of 
the joint often results in its beeoming damaged in disloeations 
of the joint or in fracture disloeations in this region. The nerve 
lesion ean occur at the time of injury or vveeks, months, or years 
later. The nerve ean be involved in scartissue formation or ean 
beeome stretehed ovving to lateral deviation of the forearm in a 
badly reduced supracondylar fracture of the humerus. During 
movements of the elbovv joint, the continued frietion betvveen 
the medial epieondyle and the stretehed ulnar nerve eventually 
results in ulnar palsy. 


Radiology of tbe Elbow Regíon after Injnry 


In examining lateral radiographs of the elbovv region, it is impor- 
tant to remember that the lovver end of the humerus is normally 
angulated forvvard 45° on the shaft; vvhen examining a patient, 
the physieian should see thatthe medial epieondyle, in the ana- 
tomie position, is direeted medially and posteriorly and faees in 
the same direetion asthe head ofthe humerus. 
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FIGURE9.73 Liga ments of the proximal and distal radioulnar joints, vvrist joint, earpal joints, and joints of the fingers. 


margin of the artienlar snrfaee of the radins and the 
lower margin of the radial noteh of the ulna. 

■ Nerve supply: Branehes of the median, ulnar, muscu- 
locutaneous, and radial nerves 

Movements 

Pronation and snpination of the forearm (see below) 

Important Relations 

■ Anteriorly: Supinator muscle and the radial nerve 

■ Posteriorly: Supinator muscle and the eommon exten- 
sor tendon 

Distal Radioulnar Joint 

■ Articulation: Between the rounded head of the ulna and 
the ulnar noteh on the radius (Fig. 9.73) 

■ Type: Synovial pivot joint 

■ Capsule: The capsule eneloses the joint but is defieient 
snperiorly. 

■ Ligaments: Weak anterior and posterior ligaments 
strengthen the capsule. 

■ Artienlar dise: This is triangular and eomposed of fibro- 
eartilage. It is attaehed by its apex to the lateral side of 
the base of the styloid proeess of the ulna and by its base 
to the lower border of the ulnar noteh of the radius (Figs. 
9.73 and 9.74). It shuts off the distal radioulnar joint 
from the wrist and strongly unites the radius to the ulna. 


■ Synovial membrane: This lines the capsule passing from 

the edge of one articular surface to that of the other. 

■ Nerve supply: Anterior interosseons nerve and the deep 

braneh of the radial nerve 

Movements 

The movements of pronation and supination of the fore- 
arm involve a rotary movement around a vertieal axis at 
the proximal and distal radioulnar joints. The axis passes 
throngh the head of the radius above and the attaehment of 
the apex of the triangnlar articular dise below. 

In the movement of pronation, the head of the radius 
rotates within the anular ligament, whereas the distal end 
of the radius with the hand moves bodily forward, the ulnar 
noteh of the radius moving around the circumference of 
the head of the ulna (Fig. 9.75). In addition, the distal end 
of the ulna moves laterally so that the hand remains in line 
with the upper limb and is not displaeed medially. This 
movement of the ulna is important when using an instru- 
ment such as a screwdriver because it prevents side-to-side 
movement of the hand during the repetitive movements of 
snpination and pronation. 

The movement of pronation results in the hand rotating 
medially in such a manner that the palm eomes to faee poste- 
riorly and the thumb lies on the medial side. The movement of 
supination is a reversal of this proeess so that the hand retnrns 
to the anatomie position and the palm faees anteriorly 
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FIGURE9.74 Disseetion of the dorsal surface of the left hand and distal end of the forearnn. Note the earpal bones and the 
interearpal joints; note also the vvrist (radioearpal) joint. 



A 


supination 
of forearm 



pronation of 
forearm 


head of 
radius 



styloid 
proeess 
of ulna 


e 


medial 
epieondyle 
of humerus 


eoronoid 
proeess 
of ulna 


styloid 
proeess 
of radius 


B 


FIGURE9.75 Movements of supination (A) and pronation 
(B) of the forearm that take plaee at the proximal and distal 
radioulnar joints. C. Relative positions of the radius and the 
ulna vvhen the forearm is fully pronated. 


Pronation is performed by the pronator teres and the 
pronator quadratus. 

Snpination is performed by the bieeps braehii and the 
snpinator. Snpination is the more powerful of the two 
movements beeanse of the strength of the bieeps muscle. 
Because supination is the more powerful movement, screw 
threads and the spiral of corkscrews are made so that the 
screw and corkscrews are driven inward by the movement 
of snpination in right-handed people. 

Important Relations 

■ Anteriorly: The tendons of flexor digitornm profundus 

■ Posteriorly: The tendon of extensor digiti minimi 



Radìoulnar Joìnt Dìsease 

The proximal radioulnar joint communicates with the elbow 
joint, whereas the distal radioulnar joint does not communi- 
eate with the wrist joint. In praetieal terms, this means that 
infeetion of the elbow joint invariably involves the proxi- 
mal radioulnar joint. The strength of the proximal radioulnar 
joint depends on the integrity of the strong anular ligament. 
Rupture of this ligament occurs in eases of anterior disloea- 
tion of the head of the radius on the capitulum of the humerus. 

In young ehildren, in whom the head of the radius is still small 
and undeveloped, a sudden jerk on the arm ean pull the radial 
head down through the anular ligament. 

V___ J 
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Wrist Joint (Radioearpal Joint) 

■ Articulation: Between the distal end of the radins 
and the artienlar dise above and the seaphoid, Innate, 
and triquetral bones below (Figs. 9.73 and 9.74). The 
proximal articular surface forms an ellipsoid eoneave 
snrfaee, which is adapted to the distal ellipsoid convex 
snrfaee. 

■ Type: Synovial ellipsoid joint 

■ Capsule: The eapsnle eneloses the joint and is attaehed 
above to the distal ends of the radius and ulna and below 
to the proximal row of earpal bones. 

■ Ligaments: Anterior and posterior ligaments 
strengthen the eapsnle. The medial ligament is attaehed 
to the styloid proeess of the ulna and to the trique- 
tral bone (Figs. 9.73 and 9.74). The lateral ligament is 
attaehed to the styloid proeess of the radius and to the 
seaphoid bone (Figs. 9.73 and 9.74). 

■ Synovial membrane: This lines the eapsnle and is 
attaehed to the margins of the artienlar snrfaees. The 
joint eavity does not eommnnieate with that of the distal 
radionlnar joint or with the joint eavities of the interear- 
pal joints. 

■ Nerve supply: Anterior interosseons nerve and the deep 
braneh of the radial nerve 



Wrìst Joint Injnríes 

The vvrist joint is essentially a synovial joint betvveen the 
distal end of the radius and the proximal rovv of earpal 
bones. The head of the ulna is separated from the earpal 
bones by the strong triangular fibrocartilaginous ligament, 
vvhieh separates the vvrist joint from the distal radioulnar 
joint. The joint is stabilized by the strong medial and lateral 
ligaments. 

Because the styloid proeess of the radius is longer than 
that of the ulna, abduction of the vvrist joint is less extensive 
than adduction. In flexion-extension movements, the hand 
ean be flexed about 80° but extended to only about 45°. The 
range of flexion is inereased by movement at the midearpal 
joint. 

A fall on the outstretched hand ean strain the anterior 
ligament of the vvrist joint, producing synovial effusion, 
joint pain, and limitation of movement. These symptoms and 
signs must not be confused vvith those produced by a frae- 
tured seaphoid or disloeation of the lunate bone, vvhieh are 
similar. 


Movements 

The following movements are possible: f[exion, extension, 
abdnetion, addnetion, and circumduction. Rotation is not 
possible beeanse the artienlar snrfaees are ellipsoid shaped. 
The laek of rotation is eompensated for by the movements 
of pronation and snpination of the forearm. 

Flexion is performed by the f[exor earpi radialis, the 
f[exor earpi nlnaris, and the palmaris longus. These muscles 
are assisted by the f[exor digitorum superficialis, the fiexor 
digitorum profundus, and the fiexor pollieis longus. 

Extension is performed by the extensor earpi radialis 
longus, the extensor earpi radialis brevis, and the extensor 
earpi nlnaris. These mnseles are assisted by the extensor 
digitornm, the extensor indieis, the extensor digiti minimi, 
and the extensor pollieis longus. 

Abdnetion is performed by the fiexor earpi radialis and 
the extensor earpi radialis longus and brevis. These mnseles 
are assisted by the abdnetor pollieis longus and extensor 
pollieis longus and brevis. 

Addnetion is performed by the fiexor and extensor earpi 
nlnaris. 


Falls on the Ontstretehed Hand 

In falls on the outstretched hand, forees are transmitted from 
the seaphoid to the distal end of the radius, from the radius 
aeross the interosseous membrane to the ulna, and from the 
ulna to the humerus;thence,through the glenoid fossa of the 
scapula to the coracoclavicular ligament and the elaviele; 
and finally, to the sternum. If the forees are excessive, dif- 
ferent parts of the upper limb give vvay underthe strain. The 
area affeeted seems to be related to age. In a young ehild, 
for example, there may be a posterior displaeement of the 
distal radial epiphysis; in the teenager the elaviele might 
fracture; in the young adult the seaphoid is eommonly frae- 
tured; and in the elderly the distal end of the radius is frae- 
tured about 1 in. (2.5 em) proximal to the vvrist joint (Golles' 
fracture) (Fig. 9.50). 

V_ ^ y 


Joints of the Hand and Fingers 


Important Relations 

■ Anteriorly: The tendons of the fiexor digitornm pro- 
fundus and snperfieialis, the fiexor pollieis longus, the 
fiexor earpi radialis, the fiexor earpi ulnaris, and the 
median and ulnar nerves 

■ Posteriorly: The tendons of the extensor earpi nlnaris, 
the extensor digiti minimi, the extensor digitornm, the 
extensor indieis, the extensor earpi radialis longus and 
brevis, the extensor pollieis longus and brevis, and the 
abdnetor pollieis longus 

■ Medially: The posterior cutaneous braneh of the ulnar 
nerve 

■ Laterally: The radial artery 


interearpal Joints 

■ Articulation: Between the individnal bones of the prox- 
imal row of the carpus; between the individnal bones of 
the distal row of the carpus; and finally, the midearpal 
joint, between the proximal and distal rows of earpal 
bones (Figs. 9.73 and 9.74) 

■ Type: Synovial plane joints 

■ Capsule: The eapsnle surrounds eaeh joint. 

■ Ligaments: The bones are united by strong anterior, 
posterior, and interosseons ligaments. 

■ Synovial membrane: This lines the eapsnle and is 
attaehed to the margins of the artienlar snrfaees. The 
joint eavity of the midearpal joint extends not only 
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between the two rows of earpal bones but also upward 
between the individnal bones forming the proximal row 
and downward between the bones of the distal row. 

■ Nerve supply: Anterior interosseons nerve, deep 
braneh of the radial nerve, and deep braneh of the 
ulnar nerve 

Movements 

A small amount of gliding movement is possible. 

earpometaearpal and intermetaearpal Joints 

The earpometaearpal and intermetaearpal joints are 

synovial plane joints possessing anterior, posterior, and 

interosseons ligaments. They have a eommon joint eavity. 

A small amount of gliding movement is possible 

(Figs. 9.73 and 9.74). 

Carpometacarpal Joint of theThumb 

■ Articulation: Between the trapezinm and the saddle- 
shaped base of the first metaearpal bone (Fig. 9.73). 

■ Type: Synovial saddle-shaped joint 

■ Capsule: The eapsnle surrounds the joint. 

■ Synovial membrane: This lines the eapsnle and forms a 
separate joint eavity. 

Movements The following movements are possible: 

■ Flexion: Flexor pollieis brevis and opponens pollieis 

■ Extension: Extensor pollieis longus and brevis 

■ Abdnetion: Abdnetor pollieis longus and brevis 

■ Addnetion: Addnetor pollieis 

■ Rotation (opposition): The thumb is rotated medially 
by the opponens pollieis. 

Metaearpophalangeal Joints 

■ Artienlation: Between the heads of the metaearpal bones 
and the bases of the proximal phalanges (Fig. 9.73) 

■ Type: Synovial eondyloid joints 

■ Capsule: The eapsnle surrounds the joint. 

■ Ligaments: The palmar ligaments are strong and eon- 
tain some fibroeartilage. They are firmly attaehed to the 
phalanx but less so to the metaearpal bone (Fig. 9.73). 
The palmar ligaments of the seeond, third, fourth, and 
fifth joints are united by the deep transverse metaear- 
pal ligaments, which hold the heads of the metaearpal 
bones together. The eollateral ligaments are eord-like 
bands present on eaeh side of the joints (Fig. 9.73). Eaeh 
passes downward and forward from the head of the met- 
aearpal bone to the base of the phalanx. The eollateral 
ligaments are taut when the joint is in fiexion and lax 
when the joint is in extension. 

■ Synovial membrane: This lines the eapsnle and is 
attaehed to the margins of the artienlar snrfaees. 

Movements 

The following movements are possible: 

■ Flexion: The inmbrieals and the interossei, assisted by 
the fiexor digitornm snperfieialis and profundus 

■ Extension: Extensor digitornm, extensor indieis, and 
extensor digiti minimi 

■ Abdnetion: Movement away from the midline of the 
third finger is performed by the dorsal interossei. 


■ Addnetion: Movement toward the midline of the third 
finger is performed by the palmar interossei. In the ease 
of the metaearpophalangeal joint of the thumb, flexion 
is performed by the flexor pollieis longus and brevis and 
extension is performed by the extensor pollieis longus 
and brevis. The movements of abdnetion and addnetion 
are performed at the earpometaearpal joint. 

Interphalangeal Joints 

Interphalangeal joints are synovial hinge joints that have a 
structure similar to that of the metaearpophalangeal joints 
(Eig. 9.73). 

The Hand as a Fnnetional Unit 

The upper limb is a multijointed lever freely movable on 
the trunk at the shonlder joint. At the distal end of the 
upper limb is the important prehensile organ—the hand. 
Much of the importanee of the hand depends on the pineer 
aetion of the thumb, which enables one to grasp objeets 
between the thumb and index finger. The extreme mobility 
of the first metaearpal bone makes the thumb fimetionally 
as important as all the remaining fingers eombined. 

To eomprehend fiilly the important positioning and 
movements of the hand deseribed in this seetion, the reader 
is strongly advised to elosely observe the movements in his 
or her own hand. 

Position of the Hand 

Eor the hand to be able to perform delieate movements, 
such as those used in the holding of small instrnments in 
watch repairing, the forearm is plaeed in the semiprone 
position and the wrist joint is partially extended. It is inter- 
esting to note that the forearm bones are most stable in the 
midprone position, when the interosseons membrane is 
taut; in other positions of the forearm bones, the interosse- 
ous membrane is lax. With the wrist partially extended, the 
long flexor and extensor tendons of the fingers are work- 
ing to their best meehanieal advantage; at the same time, 
the flexors and extensors of the carpus ean exert a balaneed 
fixator aetion on the wrist joint, ensnring a stable base for 
the movements of the fingers. 

The position of rest is the postnre adopted by the hand 
when the fingers are at rest and the hand is relaxed (Eig. 
9.76). The forearm is in the semiprone position; the wrist 
joint is slightly extended; the seeond, third, fourth, and fifth 
fingers are partially flexed, althongh the index finger is not 
flexed as much as the others; and the plane of the thumb- 
nail lies at a right angle to the plane of the other fingernails. 

The position of fnnetion is the postnre adopted by 
the hand when it is about to grasp an objeet between the 
thumb and index finger (Eig. 9.76). The forearm is in the 
semiprone position, the wrist joint is partially extended 
(more so than in the position of rest), and the fingers are 
partially flexed, the index finger being flexed as much as 
the others. The metaearpal bone of the thumb is rotated in 
such a manner that the plane of the thnmbnail lies parallel 
with that of the index finger, and the pulp of the thumb and 
index finger are in eontaet. 

The following movements are deseribed with the hand 
in the anatomie position. 
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FIGURE 9.76 Various positions of the hand and nnovennents of the thyrnb. 


Movements of theThumb 

Flexion is the movement of the thumb aeross the palm in 
such a manner as to maintain the plane of the thnmbnail at 
right angles to the plane of the other fingernails (Fig. 9.76). 
The movement takes plaee between the trapezinm and the 
Ist metaearpal bone, at the metaearpophalangeal and inter- 
phalangeal joints. The muscles producing the movement are 
the fiexor pollieis longus and brevis and the opponens pollieis. 

Extension is the movement of the thumb in a lateral or 
eoronal plane away from the palm in such a manner as to 
maintain the plane of the thnmbnail at right angles to the 


plane of the other fingernails (Figs. 9.76 and 9.77A). The 
movement takes plaee between the trapezinm and the Ist 
metaearpal bone, at the metaearpophalangeal and inter- 
phalangeal joints. The muscles producing the movement 
are the extensor pollieis longus and brevis. 

Abduction is the movement of the thumb in an anter- 
oposterior plane away from the palm, the plane of the 
thnmbnail being kept at right angles to the plane of the 
other nails (Figs. 9.76 and 9.78A). The movement takes 
plaee mainly between the trapezium and the Ist metaear- 
pal bone; a small amount of movement takes plaee at the 
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FIGURE 9.77 Left hand with the fingers abducted and the 
thymb extended (A), with the fingers adducted and the 
thumb adducted (B), and with the thumb in the position of 
opposition (C). 


metaearpophalangeal joint. The mnseles prodneing the 
movement are the abdnetor pollieis longns and brevis. 

Adduction is the movement of the thumb in an anter- 
oposterior plane toward the palm, the plane of the thumb- 
nail being kept at right angles to the plane of the other 
fingernails (Figs. 9.76 and 9.78B). The movement takes 
plaee between the trapezium and the Ist metaearpal bone. 
The muscle producing the movement is the adductor 
pollieis. 

Opposition is the movement of the thumb aeross the 
palm in such a manner that the anterior snrfaee of the tip 
eomes into eontaet with the anterior surface of the tip of 
any of the other fingers (Figs. 9.76 and 9.77C). The move- 
ment is aeeomplished by the medial rotation of the Ist 
metaearpal bone and the attaehed phalanges on the trape- 
zium. The plane of the thnmbnail eomes to lie parallel with 
the plane of the nail of the opposed finger. The muscle pro- 
ducing the movement is the opponens pollieis. 

Movements of the lndex, Middle, Ring, and 
Little Fingers 

Flexion is the movement forward of the finger in an 
anteroposterior plane. The movement takes plaee at the 
interphalangeal and metaearpophalangeal joints. The distal 


FIGURE 9.78 Left hand with the thumb about to move the 
peneil away from the palm to demonstrate abduction (A) 
and with the thumb about to move the peneil in the diree- 
tion of the palm to demonstrate adduction (B). 

phalanx is flexed by the f[exor digitornm profundus, the 
middle phalanx by the f[exor digitornm superficialis, and 
the proximal phalanx by the inmbrieals and the interossei. 

Extension is the movement backward of the finger in 
an anteroposterior plane. The movements take plaee at the 
interphalangeal and metaearpophalangeal joints. The distal 
phalanx is extended by the inmbrieals and interossei, the 
middle phalanx by the lumbricals and interossei, and the 
proximal phalanx by the extensor digitornm (in addition, 
by the extensor indieis for the index finger and the extensor 
digiti minimi for the little finger). 

Abduction is the movement of the fingers (including 
the middle finger) away from the imaginary midline of the 
middle finger (Figs. 9.69 and 9.77A). The movement takes 
plaee at the metaearpophalangeal joint. The muscles pro- 
ducing the movement are the dorsal interossei; the abduc- 
tor digiti minimi abducts the little finger. 

Adduction is the movement of the fingers toward the 
midline of the middle finger (Fig. 9.77B). The movement 
takes plaee at the metaearpophalangeal joint. The mnseles 
producing the movement are the palmar interossei. 

Abduction and adduction of the fingers are possible only 
in the extended position. In the flexed position of the finger, 
the articular surface of the base of the proximal phalanx lies 
in eontaet with the flattened anterior surface of the head of 
the metaearpal bone. The two bones are held in elose eontaet 
by the eollateral ligaments, which are taut in this position. In 
the extended position of the metaearpophalangeal joint, the 
base of the phalanx is in eontaet with the ronnded part of 
the metaearpal head, and the eollateral ligaments are slaek. 

Cupping the Hand 

In the cupped position, the palm of the hand is formed into 
a deep eoneavity. To aehieve this, the thumb is abducted and 
plaeed in a partially opposed position and is also slightly 
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flexed. This has the effeet of drawing the thenar eminenee 
forward. 

The 4th and 5th metaearpal bones are flexed and 
slightly rotated at the earpometaearpal joints. This has the 
effeet of drawing the hypothenar eminenee forward. The 
palmaris brevis mnsele eontraets and pnlls the skin over 
the hypothenar eminenee medially; it also pnekers the skin, 
which improves the gripping ability of the palm. 

Theindex,middle,ring,andlittleflngersarepartiallyflexed; 
theflngersarealsorotatedslightlyatthemetaearpophalangeal 
joints to inerease the general eoneavity of the enpped hand. 


Making a Fist 

Making a flst is aeeomplished by flexing the metaear- 
pophalangeal joints and the interphalangeal joints of the 
flngers and thnmb. It is performed by the eontraetion of the 
long flexor mnseles of the flngers and thnmb. For this move- 
ment to be earried out effieiently, a synergie eontraetion of 
the extensor earpi radialis longus and brevis and the extensor 
earpi nlnaris mnseles must occur to extend the wrist joint. 
(Try to make a “strong fist” with the wrist joint flexed—it is 
very difflenlt.) 



e L I N 
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Diseases of the Hand and Preservation of Fnnetion 

From the elinieal standpoint, the hand is one of the most impor- 
tantorgansofthe body. Withouta normallyfunctioning hand,the 
patient's livelihood is often in jeopardy. To students who doubt 
this statement, I would suggest that they plaee their right (or 
left) hand in a poeketfor 24 hours. They will be astonished atthe 
number of times they would like to use it if they could. 

From the purely meehanieal point of view, the hand ean be 
regarded as a pineer-like meehanism between the thumb and 
fingers, situated at the end of a multijointed lever. The most 
important part of the hand is the thumb, and it is the physieian's 
responsibility to preserve the thumb, or as much of it as possible, 
so thatthe pineer-like meehanism ean be maintained. The pin- 
eer-like aetion of the thumb largely depends on its unique ability 
to be drawn aeross the palm and opposed to the other fingers. 
This movement alone, although important, is insufficient forthe 
meehanism to work effeetively. The opposing skin surfaces must 


have taetile sensation—and this explains why median nerve 
palsy is so much more disabling than ulnar nerve palsy. 

If the hand requires immobilization for the treatment of dis- 
ease of any part of the upper limb, it should be immobilized (if 
possible) in the position of fnnetion. This means that if loss of 
movement occurs atthe wrist joint, or atthe joints of the hand or 
fingers,the patientwill atleasthave a handthatis in a position of 
meehanieal advantage, and one that ean serve a useful purpose. 

Physieians should also rememberthatwhen a finger (exclud- 
ing the thumb) is normally flexed into the palm, it points to the 
tubercle of the seaphoid; individual fingers requiring immobili- 
zation in flexion, on a splint or within a east, should therefore 
always be plaeed in this position. 

Always refer to the patient's fingers by name: thnmb, index, 
middle, ring, and little finger. Numbering the fingers is confusing 
(is the thumb a finger?) and has led to such disastrous results as 
amputating the wrong finger. 





á 
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Development of the Dpper Limb 

The limb buds appearduringthesixth weekof developmentasthe 
result of a loealized proliferation of somatopleuric mesenehyme. 
This causes the overlying eetoderm to bulge from the trunk as 
two pairs of flattened paddles (Fig. 9.79). The arm buds develop 
before the leg buds and lie at the level of the lower six eervieal 
and uppertwo thoraeie segments. The flattened limb buds have 
a eephalie preaxial border and a caudal postaxial border. As the 
limb buds elongate,the anterior rami of the spinal nerves situated 
opposite the bases of the limb buds start to grow into the limbs. 
The mesenehyme situated along the preaxial border beeomes 
assoeiated and innervated with the lower five eervieal nerves, 
whereasthe mesenehyme of the postaxial border beeomes asso- 
eiated with the 8th eervieal and istthoraeie nerves. 


Later, the mesenehymal masses divide into anterior and pos- 
terior groups, and the nerve trunks entering the base of eaeh 
limb also divide into anterior and posterior divisions. The mes- 
enehyme within the limbs differentiates into individual muscles 
that migrate within eaeh limb. As a consequence of these two 
faetors, the anterior rami of the spinal nerves beeome arranged 
in eomplieated plexuses that are found near the base of eaeh 
limb so that the braehial plexus is formed. 

Amelia 

Absenee of one or more limbs (amelia) or partial absenee (eetro- 
melia) may occur. A defeetive limb may possess a rudimen- 
tary hand at the extremity of the limb or a well-developed hand 


(continued) 
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may spring from the shoolder with absenee of the intermediate 
portion of the limb (phoeomelia) (Fig. 9.80). 

Gongenital Absenee of the Radins 

Oeeasionally, the radios is eongenitally absent and the growth of 
the ulna pushes the hand laterally (Fig. 9.81). 

Syndaetyly 

In syndaetyly, there is webbing of the fingers. It is usually bilat- 
eral and often familial (Fig. 9.82). Plastie repair of the fingers is 
earried out atthe age of 5 years. 

Lobster Hand 

Lobster hand is a form of syndaetyly that is assoeiated with a 
eentral eleft dividing the hand into two parts. It is a heredo- 
familial disorder, for which plastie surgery is indieated where 
possible. 



Braehydaetyly 

In braehydaetyly, there is an absenee of one or more phalanges 
in several fingers. Provided that the thumb is functioning nor- 
mally, surgery is not indieated (Fig. 9.83). 


Floating Thnmb 

A floating thumb results if the metaearpal bone of the thumb is 
absent but the phalanges are present. Plastie surgery is indi- 
eated where possible to improve the functional eapabilities of 
the hand (Fig. 9.84). 


Polydaetyly 

In polydaetyly, one or more extra digits develop. It tends to run in 
families. The additional digits are removed surgically. 

Loeal Gigantism 

Maerodaetyly affeets one or more digits; these may be of adult 
size at birth, butthe size usually diminishes with age (Fig. 9.85). 
Surgical removal may be neeessary. 
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FIGURE9.79 Seetion through the lovver eervieal region and the fornnation of the upper limb bud. Note the presenee of the 
developing bones and muscles from the mesenehyme. 
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FIGURE9.80 Eetromelia. (Courtesy of G. Avery.) 



FIGURE9.81 Gongenital absenee of the radius. 



FIGURE9.82 Partial syndaetyly. (Courtesy of L.Thompson.) 



FIGURE 9.83 Braehydaetyly due to defeets of the phalanges. 
(Courtesy of L.Thompson.) 



FIGURE 9.84 Floating thumb. The metaearpal bone of the 
thumb is absent, but the phalanges are present. (Courtesy 
of R. ehase.) 



FIGURE 9.85 Maerodaetyly affeeting the thumb and index 
finger. (Courtesy of R. Neviaser.) 
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Radiographic Anatomy 

Radiographie Appearanees of the 
Upper Limh 

Radiologie examination of the npper limb eoneentrates 
mainly on the bony structures because the muscles, ten- 
dons, and nerves blend into a homogeneous mass. The 
radiographie appearanees of the upper limb are shown in 
Figures 9.86 through 9.93. 

Magnetie resonanee imaging of the upper limb ean be 
useful to demonstrate the soft tissues around the bones 
(Fig. 9.94). 


SURFACE AnATOMY 

Anterior Snrfaee of the Ghest 
Snprasternal Noteh 

The suprasternal noteh is the superior margin of the manu- 
brium sterni and is easily palpated between the prominent 
medial ends of the elavieles in the midline (Figs. 9.95 and 9.96). 



Sternal Angle (Angle of Lonis) 

The sternal angle is the angle between the manubrium and 
the body of the sternum (Fig. 9.95); at this level, the 2nd 
eostal eartilage joins the lateral margin of the sternnm. 

Xiphisternal Joint 

The xiphisternal joint is between the xiphoid proeess of the 
sternnm and the body of the sternnm (Fig. 9.97). 

Gostal Margin 

The eostal margin is the lower boundary of the thorax and 
is formed by the eartilages of the 7th, 8th, 9th, and lOth 
ribs and the ends of the 1 Ith and 12th eartilages (Figs. 9.95, 
9.96, and 9.97). 

eiaviele 

The elaviele is situated at the root of the neek and through- 
out its entire length lies just beneath the skin and ean be 
easily palpated (Figs. 9.95, 9.96, and 9.97). The positions 
of the sternoclavicular and aeromioelavienlar joints ean be 
easily identified. Note that the medial end of the elaviele 
projeets above the margin of the manubrium sterni. 



R 

J 





anatDm i: neek 


FIGURE 9.86 Anteroposterior radiograph of the shoulder region in the adult 
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FIGURE9.87 Anteroposterior radiograph of the elbovv region in the adult. 


Ribs 

The Ist rib lies deep to the davide and eannot be palpated. 
The lateral snrfaees of the remaining ribs ean be felt by 
pressing the fingers upward into the axilla and drawing 
them downward over the lateral surface of the ehest wall 
(Fig. 9.97). Eaeh rib ean be identified by first palpating the 
sternal angle and the 2nd eostal eartilage (see previons 
column) and eonnting down from there. 

Deltopeetoral Triangle 

This small, triangnlar depression is sitnated below the outer 
third of the elaviele and is bonnded by the peetoralis major 
and deltoid mnseles (Figs. 9.95 and 9.96). 


Axillary Folds 

The anterior axillary fold is formed by the lower margin 
of the peetoralis major muscle and ean be palpated between 
the finger and thumb (Figs. 9.95, 9.96, and 9.97). This ean 
be made to stand out by asking the patient to press his or 
her hand against the ipsilateral hip. The posterior axillary 
fold is formed by the tendon of latissimns dorsi as it passes 
around the lower border of the teres major muscle. It ean 
be easily palpated between the finger and thumb (Fig. 9.98). 

Axilla 

The axilla should be examined with the forearm snpported 
and the peetoral mnseles relaxed. With the arm by the side. 
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FIGURE 9.88 Lateral radiograph of the elbovv region in the adult 
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FIGURE 9.89 Posteroanterior radiograph of an adult vvrist and hand 
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FIGURE 9.90 Posteroanterior radiograph of the vvrist vvith the forearm pronated 
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FIGURE 9.91 Posteroanterior radiograph of the vvrist and hand of an 8-year-old boy 
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FIGURE9.92 Lateral radiograph of an adult vvrist and hand. 
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FIGURE 9.93 Lateral radiograph of an adult vvrist and hand vvith the fingers at different degrees of flexion 
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FIGURE 9.94 


Transverse (axial) magnetie resonanee image of the upper part of the right forearm (as seen from belovv). 
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FIGURE 9.95 Anterior vievv of the thorax and abdomen in a 29-year-old vvoman. 
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FIGURE9.96 The peetoral region in a 27-year-old man. 
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FIGURE 9.97 Surface anatomy of the ehest, shoulder, and upper limb as seen anteriorly. 
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FIGURE 9.98 Surface anatomy of the scapula, shoulder, and 
elbovv regions as seen posteriorly. 


the inferior part of the head of the humerus ean be eas- 
ily palpated throngh the floor of the axilla. The pnlsations 
of the axillary artery ean be felt high up in the axilla, and 
around the artery ean be palpated the eords of the braehial 
plexus. The medial wall of the axilla is formed by the upper 
ribs eovered by the serratus anterior muscle, the serra- 
tions of which ean be seen and felt in a muscular subject 
(Fig. 9.96). The lateral wall is formed by the eoraeobraehia- 
lis and bieeps braehii muscles and the bieipital groove of 
the humerus. 

Posterior Sorfaee of the Ghest 

Spinous Proeesses of Gervieal and 
Thoraeie Vertebrae 

The spinous proeesses ean be palpated in the midline poste- 
riorly (Fig. 9.98). The index flnger should be plaeed on the 
skin in the midline on the posterior snrfaee of the neek and 
drawn downward in the nuchal groove. The flrst spinous 
proeess to be felt is that of the 7th eervieal vertebra (verte- 
bra prominens). Below this level are the overlapping spines 
of the thoraeie vertebrae. The spines of the Ist throngh 6th 
eervieal vertebrae are eovered by the large ligament ealled 
the ligamentnm nuchae. 

Seapnla 

The tip of the eoraeoid proeess of the seapnla (Fig. 9.97) 
ean be felt on deep palpation in the lateral part of the del- 
topeetoral triangle; it is eovered by the anterior flbers of the 
deltoid muscle. The aeromion forms the lateral extremity 
of the spine of the seapnla. It is subcutaneous and easily 
loeated (Figs. 9.95 and 9.96). 


Immediately below the lateral edge of the aeromion 
is the smooth, ronnded curve of the shoulder produced by 
the deltoid muscle, which eovers the greater tuberosity of 
the humerus (Figs. 9.95 and 9.96). 

The erest of the spine of the seapnla ean be palpated and 
traeed medially to the medial border of the seapnla, which 
it joins at the level of the 3rd thoraeie spine (Fig. 9.98). 

The snperior angle of the seapnla ean be felt throngh 
the trapezins muscle and lies opposite the 2nd thoraeie 
spine. 

The inferior angle of the seapnla ean be palpated oppo- 
site the 7th thoraeie spine (Figs. 9.98 and 9.99). 

The Breast 

In ehildren and men, the breast anatomy is rndimentary 
and the glandnlar tissue is eonflned to a small area beneath 
the pigmented areola. In young women (Fig. 9.95), it is 
usually hemispherieal and slightly pendulous, overlaps the 
2nd to the 6th ribs and their eostal eartilages, and extends 
from the lateral margin of the sternnm to the midaxillary 
line (Fig. 9.95). The greater part of the breast lies in the 
snperfleial faseia and ean be moved freely in all direetions. 
Its upper lateral edge (axillary tail) extends around the 
lower border of the peetoralis major and enters the axilla 
(Fig. 9.95), where it eomes into elose relationship with the 
axillary vessels. In middle-aged multiparous women the 
breast may be large and pendulous, and in older women 
the breast may be smaller. 

In the living snbjeet, the breast is soft beeanse the fat 
eontained within it is fluid. On earefnl palpation with the 
open hand, the breast has a flrm, overall lobnlated eonsist- 
eney, prodneed by its glandnlar tissue. 

The nipple projeets from the lower half of the breast 
(Fig. 9.95), but its position in relation to the ehest wall var- 
ies greatly and depends on the development of the gland. 
In males and immatnre females, the nipples are small and 
usually lie over the fourth intereostal spaees about 4 in. 
(10 em) from the midline. The base of the nipple is sur- 
rounded by a eirenlar area of pigmented skin ealled the 
areola (Fig. 9.95). Pink in eolor in the young girl, the areola 
beeomes darker in eolor in the seeond month of the flrst 
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FIGURE9.99 The baek in a 27-year-old man. 
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pregnaney and never regains its former tint. Tiny tnbereles 
on the areola are prodneed by the nnderlying areolar 
glands. 

The Elbow Region 

The medial and lateral epieondyles of the hnmerns (Figs. 
9.96 and 9.98) and the oleeranon proeess of the ulna ean 
be palpated (Fig. 9.98). When the elbow joint is extended, 
these bony points lie on the same straight line; when the 
elbow is f[exed, these three points form the boundaries of 
an equilateral triangle. 

The head of the radins ean be palpated in a depres- 
sion on the posterolateral aspeet of the extended elbow, 
distal to the lateral epieondyle. The head of the radius ean 
be felt to rotate during pronation and snpination of the 
forearm. 

The cubital fossa is a skin depression in front of the 
elbow (Figs. 9.48 and 9.97), and the bonndaries ean be 
seen and felt; the braehioradialis muscle forms the lateral 
boundary and the pronator teres forms the medial bound- 
ary. The tendon of the bieeps muscle ean be palpated as it 
passes downward into the fossa, and the bieipital aponeu- 
rosis ean be felt as it leaves the tendon to join the deep fas- 
eia on the medial side of the forearm (Figs. 9.48 and 9.97). 
The tendon and aponenrosis are most easily felt if the elbow 
joint is f[exed against resistanee. 

The ulnar nerve ean be palpated where it lies behind the 
medial epieondyle of the humerus. It feels like a rounded 
eord, and when it is eompressed, a “pins and needles” sen- 
sation is felt along the medial part of the hand. 

The braehial artery ean be felt to pnlsate as it passes 
down the arm, overlapped by the medial border of the 
bieeps muscle. In the enbital fossa, it lies beneath the bieipi- 
tal aponenrosis, and, at a level just beIow the head of the 
radius, it divides into the radial and ulnar arteries. 

The posterior border of the ulna bone is subcutaneous 
and ean be palpated along its entire length. 

The Wrist and Hand 

At the wrist, the styloid proeesses of the radius (Fig. 9.100) 
and ulna ean be palpated. The styloid proeess of the radius 
lies about 0.75 in. (1.9 em) distal to that of the ulna. 

The dorsal tnberele of the radius is palpable on the pos- 
terior snrfaee of the distal end of the radius (Fig. 9.100). 

The head of the ulna is most easily felt with the forearm 
pronated; the head then stands out prominently on the lat- 
eral side of the wrist (Fig. 9.75). The ronnded head ean be 
distingnished from the more distal pointed styloid proeess. 

The pisiform bone ean be felt on the medial side of 
the anterior aspeet of the wrist between the two transverse 
ereases (Figs. 9.48 and 9.100). The hook of the hamate bone 
ean be felt on deep palpation of the hypothenar eminenee, 
a fingerbreadth distal and lateral to the pisiform bone. 

The transverse ereases seen in front of the wrist are 
important landmarks (Fig. 9.100). The proximal trans- 
verse erease lies at the level of the wrist joint. The distal 
transverse erease eorresponds to the proximal border of the 
fiexor retinaculum. 


Important Strnetnres Lying in Front of 
the Wrist 

Radial Artery 

The pulsations of the radial artery ean easily be felt anterior 
to the distal third of the radius (Figs. 9.48 and 9.100). Here, 
it lies just beneath the skin and faseia lateral to the tendon 
of fiexor earpi radialis muscle. 

Tendon of Flexor Carpi Radialis 

The tendon of the f[exor earpi radialis lies medial to the 
pnlsating radial artery. 

Tendon of Palmaris Longus (If Present) 

The tendon of the palmaris longus lies medial to the ten- 
don of fiexor earpi radialis and overlies the median nerve 
(Fig. 9.100). 

Tendons of Flexor Digitorum Superficialis 

The tendons of the fiexor digitornm snperfieialis are a 
group of four that lie medial to the tendon of palmaris 
longus and ean be seen moving beneath the skin when the 
fingers are fiexed and extended. 

Tendon of Flexor Carpi Lllnaris 

The tendon of the fiexor earpi nlnaris is the most medially 
plaeed tendon on the front of the wrist and ean be followed 
distally to its insertion on the pisiform bone (Figs. 9.48 and 
9.100). The tendon ean be made prominent by asking the 
patient to eleneh the fist (the muscle eontraets to assist in 
fixing and stabilizing the wrist joint). 

Lllnar Artery 

The pnlsations of the ulnar artery ean be felt lateral to the 
tendon of fiexor earpi nlnaris (Fig. 9.100). 

Lllnar Nerve 

The ulnar nerve lies immediately medial to the ulnar artery 
(Fig. 9.100). 

Important Strnetnres Lying on the 
Lateral Side of the Wrist 

Anatomie Snuffbox 

The “anatomie snuffbox” is an important area. It is a skin 
depression that lies distal to the styloid proeess of the 
radius. It is bounded medially by the tendon of extensor 
pollieis longus and laterally by the tendons of abdnetor 
pollieis longus and extensor pollieis brevis (Fig. 9.100). In 
its fioor ean be palpated the styloid proeess of the radius 
(proximally) and the base of the first metaearpal bone of 
the thumb (distally); between these bones beneath the floor 
lie the seaphoid and the trapezinm (felt but not identifia- 
ble). The radial artery ean be palpated within the snuffbox 
as the artery winds around the lateral margin of the wrist 
to reaeh the dorsum of the hand (Fig. 9.100). The eephalie 
vein ean also sometimes be reeognized erossing the snuff- 
box as it aseends the forearm. 
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FIGURE 9.100 Surface anatomy of the vvrist region. 
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Important Strnetnres Lying on the Baek 
of the VVrist 

Lunate 

The lunate lies in the proximal row of earpal bones. It ean 
be palpated just distal to the dorsal tubercle of the radius 
when the wrist joint is f[exed. 

Important Strnetnres Lying in the Palm 

Recurrent Braneh of the Median Nerve 

The reenrrent braneh to the mnseles of the thenar emi- 
nenee curves around the lower border of the f[exor retinae- 
ulum and lies about one fingerbreadth distal to the tnberele 
of the seaphoid (Fig. 9.62). 

Superficial Palmar Arterial Areh 

The snperfieial palmar arterial areh is loeated in the een- 
tral part of the palm (Fig. 9.100) and lies on a line drawn 


aeross the palm at the level of the distal border of the fiilly 
extended thumb. 

Deep Palmar Arterial Areh 

The deep palmar arterial areh is also loeated in the eentral 
part of the palm (Fig. 9.100) and lies on a line drawn aeross 
the palm at the level of the proximal border of the fiilly 
extended thumb. 

Metaearpophalangeal Joints 

The metaearpophalangeal joints lie approximately at the 
level of the distal transverse palmar erease. The inter- 
phalangeal joints lie at the level of the middle and distal 
finger ereases. 

Important Strnetnres Lying on the 
Dorsnm of the Hand 

The tendons of extensor digitornm, the extensor indieis, 
and the extensor digiti minimi ean be seen and felt as they 
pass distally to the bases of the fingers (Fig. 9.100). 
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Arterìal lnjury 

The arteries of the upper limb ean be damaged by penetrat- 
ing wounds or may require ligation in amputation operations. 
Because of the existence of an adequate eollateral circulation 
around the shoulder, elbow, and wrist joints, ligation of the main 
arteries of the upper limb is not followed by tissue neerosis or 
gangrene, provided, of course, that the arteries forming the eol- 
lateral circulation are not diseased and the patient's general eir- 
culation is satisfaetory. Nevertheless, it ean take days or weeks 
for the eollateral vessels to open sufficiently to provide the distal 
part of the limb with the same volume of blood as previously sup- 
plied by the main artery. 


Palpatìon and eompressìon of Arterìes 

A elinieian must know where the arteries of the upper limb ean 
be palpated or eompressed in an emergeney. The subclavian 
artery, as it erosses the first rib to beeome the axillary artery, ean 
be palpated in the root of the posterior triangle of the neek (Fig. 
9.31). The artery ean be eompressed here againstthe first rib to 
stop a eatastrophie hemorrhage. The third part of the axillary 
artery ean be felt in the axilla as it lies in front of the teres major 
muscle (Fig. 9.17). The braehial artery ean be palpated in the arm 
as it lies on the braehialis and is overlapped from the lateral side 
by the bieeps braehii (Fig. 9.43). 

The radial artery lies superficially in front of the distal end of 
the radius, between the tendons of the braehioradialis and flexor 
earpi radialis; it is here thatthe elinieian takes the radial pulse 
(Fig. 9.58). If the pulse eannot be felt, try feeling for the radial 
artery on the other wrist; oeeasionally, a eongenitally abnormal 
radial artery ean be difficultto feel. The radial artery ean be less 
easily felt as it erosses the anatomie snuffbox (Fig. 9.100). 

The ulnar artery ean be palpated as it erosses anterior to the 
flexor retinaculum in eompany with the ulnar nerve. The artery 


lies lateral to the pisiform bone, separated from it by the ulnar 
nerve. The artery is eommonly damaged here in laeeration 
wounds in front of the wrist. 

Allen Test 

The Allen test is used to determine the pateney of the ulnar and 
radial arteries. With the patient's hands resting in the lap, eom- 
press the radial arteries against the anterior surface of eaeh 
radius and ask the patient to tightly eleneh the fists. The eleneh- 
ing of the fists eloses off the superficial and deep palmar arterial 
arehes. When the patient is asked to open the hands, the skin of 
the palms is at first white, and then normally the blood quickly 
flows into the arehes through the ulnar arteries, causing the 
palmsto promptlyturn pink. This establishes thatthe ulnar arter- 
ies are patent. The pateney of the radial arteries ean be estab- 
lished by repeating the test but this time eompressing the ulnar 
arteries as they lie lateral to the pisiform bones. 

Arterial Innervatíon and Raynand's Dísease 

The arteries of the upper limb are innervated by sympathetie 
nerves. The preganglionie fibers originate from eell bodies in 
the 2nd to 8th thoraeie segments of the spinal eord. They aseend 
in the sympathetie trunk and synapse in the middle eervieal, 
inferior eervieal, Ist thoraeie, or stellate ganglia. The postgan- 
glionie fibers join the nerves that form the braehial plexus and 
are distributed to the arteries within the branehes of the plexus. 
For example, the digital arteries of the fingers are supplied by 
postganglionie sympathetie fibers that run in the digital nerves. 
Vasospastie diseases involving digital arterioles, such as 
Raynaud's disease, may require a eervieodorsal preganglionie 
sympatheetomy to prevent neerosis of the fingers. The operation 
is followed by arterial vasodilatation, with consequent inereased 
blood flow to the upper limb. 
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Dermatomes and Cutaneous Nerves 

The importanee of the dermatomes and cutaneous nerves in the 
upper limb is discussed on page 368. 


Tendon Reflexes and the Segmental Innervatìon 
of Mnseles 

The skeletal muscle reeeives a segmental innervation. Most 
muscles are innervated by several spinal nerves and therefore 
by several segments of the spinal eord. A physieian should know 
the segmental innervation of the following muscles because it is 
possible to test them by elieiting simple muscle reflexes in the 
patient: 

Bieeps braehii tendon reflex: C5 and 6 (flexion of the elbow joint 
by tapping the bieeps tendon). 

Trieeps tendon reflex: C6, 7, and 8 (extension of the elbow joint 
by tapping the trieeps tendon). 

Braehioradialis tendon reflex: C5, 6, and 7 (supination of the 
radioulnar joints by tapping the insertion of the braehioradialis 
tendon). 


Braehial Plexus lnjuries 

The roots, trunks, and divisions of the braehial plexus reside in 
the lower part of the posterior triangle of the neek, whereas the 
eords and most of the branehes of the plexus lie in the axilla. 
eomplete lesions involving all the roots of the plexus are rare. 
ineomplete injuries are eommon and are usually caused by 
traetion or pressure; individual nerves ean be divided by stab 
wounds. 


Upper Lesions of the Braehial Plexus (Erb-Duchenne Palsy) 

Llpper lesions of the braehial plexus are injuries resulting from 
excessive displaeement of the head to the opposite side and 
depression of the shoulder on the same side. This causes exces- 
sive traetion or even tearing of C5 and 6 roots of the plexus. It 
occurs in infants during a difficult delivery or in adults after a 
blow to or fall on the shoulder. The suprascapular nerve, the 
nerve to the subclavius, and the musculocutaneous and axil- 
lary nerves all possess nerve fibers derived from C5 and 6 roots 
and will therefore be functionless. The following muscles will 
consequently be paralyzed: the supraspinatus (abductor of the 
shoulder) and infraspinatus (lateral rotator of the shoulder); the 
subclavius (depressesthe clavicle);the bieeps braehii (supinator 
of the forearm, flexor of the elbow, weak flexor of the shoulder) 
and the greater partof the braehialis (flexor of the elbow) and the 
eoraeobraehialis (flexes the shoulder); and the deltoid (abductor 
of the shoulder) and the teres minor (lateral rotator of the shoul- 
der). Thus, the limb will hang limply by the side, medially rotated 
by the unopposed sternoeostal part of the peetoralis major; the 
forearm will be pronated because of loss of the aetion of the 
bieeps. The position of the upper limb in this eondition has been 
likened to that of a porter or waiter hinting for a tip (Fig. 9.101). In 
addition, there will be a loss of sensation down the lateral side 
of the arm. 



FIGURE 9.101 Erb-Duchenne palsy (vvaiter's tip) 


Lower Lesions of the Braehial Plexus (Klumpke Palsy) 

Lower lesions of the braehial plexus are usually traetion inju- 
ries caused by excessive abduction of the arm, as occurs in the 
ease of a person falling from a height clutching at an objeet to 
save himself or herself. The Ist thoraeie nerve is usually torn. 
The nerve fibers from this segment run in the ulnar and median 
nerves to supply all the small muscles of the hand. The hand has 
a clawed appearanee caused by hyperextension of the metaear- 
pophalangeal joints and flexion of the interphalangeal joints. The 
extensor digitorum is unopposed by the lumbricals and interossei 
and extendsthe metaearpophalangeal joints;theflexor digitorum 
superficialis and profundus are unopposed by the lumbricals and 
interossei and flex the middle and terminal phalanges, respee- 
tively. In addition, loss of sensation will occur along the medial 
side of the arm. If the 8th eervieal nerve is also damaged, the 
extent of anesthesia will be greater and will involve the medial 
side of the forearm, hand, and medial two fingers. 

Lower lesions of the braehial plexus ean also be produced by 
the presenee of a eervieal rib or malignant metastases from the 
lungs in the lower deep eervieal lymph nodes. 

Long Thoraeìe Nerve 

The long thoraeie nerve, which arises from C5, 6, and 7 and 
supplies the serratus anterior muscle, ean be injured by blows 
to or pressure on the posteriortriangle of the neek or during the 
surgical procedure of radieal masteetomy. Paralysis of the ser- 
ratus anterior results in the inability to rotate the scapula dur- 
ing the movement of abduction of the arm above a right angle. 
The patient therefore experiences difficulty in raising the arm 
above the head. The vertebral border and inferior angle of the 
scapula will no longer be kept elosely applied to the ehest wall 
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and will protrude posteriorly, a eondition known as "winged 
seapnla" (Fig. 9.8). 

Axíllary Nerve 

The axillary nerve (Fig. 9.24), which arises from the posterior 
eord of the braehial plexus (C5 and 6), ean be injured by the pres- 
sure of a badly adjusted crutch pressing upward into the arm- 
pit. The passage of the axillary nerve backward from the axilla 
through the quadrangular spaee makes it particularly vulnerable 
here to downward displaeement of the humeral head in shoul- 
der disloeations orfractures ofthe surgical neekofthe humerus. 
Paralysis of the deltoid and teres minor muscles results. The 
cutaneous branehes of the axillary nerve, including the upper 
lateral cutaneous nerve of the arm, are functionless, and eon- 
sequently there is a loss of skin sensation over the lower half of 
the deltoid muscle. The paralyzed deltoid wastes rapidly, and the 
underlying greater tuberosity ean be readily palpated. Because 
the supraspinatus is the only other abductor of the shoulder, this 
movement is much impaired. Paralysis of the teres minor is not 
reeognizable elinieally. 


Radíal Nerve 

The radial nerve (Fig. 9.25), which arises from the posterior eord 
of the braehial plexus, eharaeteristieally gives off its branehes 
some distanee proximal to the partto be innervated. 

In the axilla, it gives off three branehes: the posterior cutaneous 
nerve of the arm, which supplies the skin on the baek of the arm 



dermatomes 




posterior cutaneous braneh palnnar cutaneous 


ulnar nerve 


down to the elbow; the nerve to the long head of the trieeps; and 
the nerve to the medial head of the trieeps. 

In the spiral groove of the humerus, it gives off four branehes: 
the lower lateral cutaneous nerve of the arm, which supplies the 
lateral surface of the arm down to the elbow; the posterior cuta- 
neous nerve of the forearm, which supplies the skin down the 
middle of the baek of the forearm as far as the wrist; the nerve to 
the lateral head of the trieeps; and the nerve to the medial head 
of the trieeps and the anconeus. 

In the anterior eompartment of the arm above the lateral epieon- 
dyle, it gives off three branehes: the nerve to a small part of the 
braehialis, the nerve to the braehioradialis, and the nerve to the 
extensor earpi radialis longus. 

In the enbital fossa, it gives off the deep braneh of the radial 
nerve and continues as the superficial radial nerve. The deep 
braneh supplies the extensor earpi radialis brevis and the supi- 
nator in the cubital fossa and all the extensor muscles in the pos- 
terior eompartment of the forearm. The superficial radial nerve is 
sensory and supplies the skin over the lateral part of the dorsum 
of the hand and the dorsal surface of the lateral three and a half 
fingers proximal to the nail beds (Fig. 9.102). (The ulnar nerve 
suppliesthe medial partofthe dorsum ofthe hand andthe dorsal 
surface of the medial one and a half fingers;the exact cutaneous 
areas innervated by the radial and ulnar nerves on the hand are 
subject to variation.) 

The radial nerve is eommonly damaged in the axilla and in the 
spiral groove. 

(continued) 



median nerve 
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FIGLIRE 9.102 Sensory innervation of the skin of the volar (palmar) and dorsal aspeets of the hand; the arrangement of the 
dermatomes is also shovvn. 
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lnjuries to the Radial Nerve in the Axilla 

In the axilla, the nerve ean be injnred by the pressnre of the 
upper end of a badly fitting crutch pressing up into the armpit 
or by a drunkard falling asleep with one arm over the baek of 
a ehair. It ean also be badly damaged in the axilla by fractures 
and disloeations of the proximal end of the humerus. When the 
humerus is displaeed downward in disloeations of the shoulder, 
the radial nerve, which is wrapped around the baek of the shaft 
of the bone, is pulled downward, stretehing the nerve in the 
axilla excessively. 

The elinieal findings in injury to the radial nerve in the axilla 
are as follows. 

Motor 

The trieeps, the anconeus, and the long extensors of the wrist 
are paralyzed. The patient is unable to extend the elbow joint, the 
wrist joint, and the fingers. Wristdrop, or flexion of the wrist (Fig. 
9.103), occurs as a result of the aetion of the unopposed flexor 
muscles of the wrist. Wristdrop is very disabling because one is 
unable to flex the fingers strongly for the purpose of firmly grip- 
ping an objeet with the wristfully flexed. (Try iton yourself.) If the 
wrist and proximal phalanges are passively extended by holding 
them in position with the opposite hand, the middle and distal 
phalanges of the fingers ean be extended by the aetion of the 
lumbricals and interossei, which are inserted into the extensor 
expansions. 



FIGURE 9.103 VVristdrop. 


The braehioradialis and supinator muscles are also para- 
lyzed, but supination is still performed well by the bieeps braehii. 

Sensory 

A small loss of skin sensation occurs down the posterior surface 
of the lower part of the arm and down a narrow strip on the baek 
of the forearm. A variable area of sensory loss is present on the 
lateral part of the dorsum of the hand and on the dorsal surface 
of the roots of the lateral three and a half fingers. The area of 
total anesthesia is relatively small because ofthe overlap of sen- 
sory innervation by adjaeent nerves. 

Trophie Ghanges 

Trophie ehanges are slight. 

Injnries to the Radial Nerve in the Spiral Groove 

In the spiral groove of the humerus, the radial nerve ean be 
injured at the time of fracture of the shaft of the humerus, or 


subsequently involved during the formation of the callus. The 
pressure of the baek of the arm on the edge of the operating 
table in an unconscious patient has also been known to injure 
the nerve at this site. The prolonged applieation of a tourniquet 
to the arm in a person with a slender trieeps muscle is often fol- 
lowed by temporary radial palsy. 

The elinieal findings in injury to the radial nerve in the spiral 
groove are as follows. 

The injury to the radial nerve occurs most eommonly in the 
distal part of the groove, beyond the origin of the nerves to the 
trieeps and the anconeus and beyond the origin of the cutane- 
ous nerves. 

■ Motor: The patient is unable to extend the wrist and the fin- 
gers, and wristdrop occurs (see previous column). 

■ Sensory: A variable small area of anesthesia is present over 
the dorsal surface of the hand and the dorsal surface of the 
roots of the lateral three and a half fingers. 

■ Trophie ehanges: These are very slight or absent. 

Injnries to the Deep Braneh of the Radial Nerve 

The deep braneh of the radial nerve is a motor nerve to the 
extensor muscles in the posterior eompartment of the forearm. 
It ean be damaged in fractures of the proximal end of the radius 
or during disloeation of the radial head. The nerve supply to the 
supinator and the extensor earpi radialis longus will be undam- 
aged, and because the latter muscle is powerful, it will keep the 
wrist joint extended, and wristdrop will not occur. No sensory 
loss occurs because this is a motor nerve. 

Injnries to the Snperfieial Radial Nerve 

Division of the superficial radial nerve, which is sensory, as in a 
stab wound, results in a variable small area of anesthesia over 
the dorsum of the hand and the dorsal surface of the roots of the 
lateral three and a half fingers. 

Musculocutaneous Nerve 

The musculocutaneous nerve (Fig. 9.22) is rarely injured because 
of its proteeted position beneath the bieeps braehii muscle. If it 
is injured high up in the arm, the bieeps and eoraeobraehialis 
are paralyzed and the braehialis muscle is weakened (the latter 
muscle is also supplied by the radial nerve). Flexion of the fore- 
arm at the elbow joint is then produced by the remainder of the 
braehialis muscle and the flexors of the forearm. When the fore- 
arm is in the prone position, the extensor earpi radialis longus 
and the braehioradialis muscles assist in flexion of the forearm. 
There is also sensory loss along the lateral side of the forearm. 
Wounds or cuts of the forearm ean severthe lateral cutaneous 
nerve of the forearm, a continuation of the musculocutaneous 
nerve beyond the cubital fossa, resulting in sensory loss along 
the lateral side of the forearm. 

Median Nerve 

The median nerve (Fig. 9.22), which arises from the medial and 
lateral eords of the braehial plexus, gives off no cutaneous or 
motor branehes in the axilla or in the arm. In the proximal third of 
the front of the forearm, by unnamed branehes or by its anterior 
interosseous braneh, it supplies all the muscles of the front of 
the forearm exceptthe flexor earpi ulnaris and the medial half of 
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the flexor digitorom profundus, which are supplied by the ulnar 
nerve. In the distal third of the forearm, it gives rise to a palmar 
cutaneous braneh, which erosses in front of the flexor retinae- 
ulum and supplies the skin on the lateral half of the palm (Fig. 
9.102). In the palm, the median nerve supplies the muscles of the 
thenar eminenee and the first two lumbricals and gives sensory 
innervation to the skin of the palmar aspeet of the lateral three 
and a half fingers, including the nail beds on the dorsum. 

From a elinieal standpoint, the median nerve is injured oeea- 
sionally in the elbow region in supracondylar fractures of the 
humerus. It is most eommonly injured by stab wounds or bro- 
ken glass just proximal to the flexor retinaculum; here, it lies in 
the interval between the tendons of the flexor earpi radialis and 
flexor digitorum superficialis, overlapped by the palmaris longus. 

The eliniealfindings in injuryto the median nerve are asfollows. 


Injuries to the Median Nerve at the Elbow 

Motor 


The pronator muscles of the forearm and the long flexor muscles 
of the wrist and fingers, with the exception of the flexor earpi 
ulnaris and the medial half of the flexor digitorum profundus, 
will be paralyzed. As a result, the forearm is kept in the supine 
position; wrist flexion is weak and is aeeompanied by adduc- 
tion. The latter deviation is caused by the paralysis of the flexor 
earpi radialis and the strength of the flexor earpi ulnaris and the 
medial half of the flexor digitorum profundus. No flexion is pos- 
sible at the interphalangeal joints of the index and middle fin- 
gers, although weak flexion of the metaearpophalangeal joints 
of these fingers is attempted by the interossei. When the patient 
tries to make a fist, the index and to a lesser extent the middle 
fingers tend to remain straight, whereas the ring and little fingers 
flex (Fig. 9.104). The latter two fingers are, however, weakened 
by the loss of the flexor digitorum superficialis. 



FIGURE 9.104 Median nerve palsy. 


Sensory 

Skin sensation is lost on the lateral half or less of the palm of the 
hand and the palmar aspeet of the lateral three and a half fin- 
gers. Sensory loss also occurs on the skin of the distal partof the 
dorsal surfaces of the lateral three and a half fingers. The area 
of total anesthesia is eonsiderably less because of the overlap of 
adjaeent nerves. 

Vasomotor Ghanges 

The skin areas involved in sensory loss are warmer and drier 
than normal because of the arteriolar dilatation and absenee of 
sweating resulting from loss of sympathetie eontrol. 

Trophie Ohanges 

In long-standing eases, ehanges are found in the hand and fin- 
gers. The skin is dry and sealy, the nails eraek easily, and atro- 
phy of the pulp of the fingers is present. 

Injuries to the Median Nerve at the Wrist 

■ Motor: The muscles of the thenar eminenee are paralyzed 
and wasted so that the eminenee beeomes flattened. The 
thumb is laterally rotated and adducted. The hand looks flat- 
tened and "apelike." Opposition movement of the thumb is 
impossible. The firsttwo lumbricals are paralyzed, which ean 
be reeognized elinieally when the patient is asked to make a 
fist slowly, and the index and middle fingers tend to lag be- 
hind the ring and little fingers. 

■ Sensory, vasomotor, and trophie ehanges: These ehanges 
are identieal to those found in the elbow lesions. 

Perhaps the most serious disability of all in median nerve injuries 
is the loss of the ability to oppose the thumb to the other fingers 
and the loss of sensation over the lateral fingers. The delieate 
pineer-like aetion of the hand is no longer possible. 

Garpal Tunnel Syndrome 

The earpal tunnel, formed by the eoneave anterior surface of 
the earpal bones and elosed by the flexor retinaculum, is tightly 
paeked with the long flexor tendons of the fingers, with their sur- 
rounding synovial sheaths, and the median nerve. dinieally, the 
syndrome eonsists of a burning pain or "pins and needles" along 
the distribution ofthe median nerveto the lateralthree and a half 
fingers and weakness of the thenar muscles. It is produced by 
eompression of the median nerve within the tunnel. The exact 
cause of the eompression is difficultto determine, butthickening 
of the synovial sheaths of the flexor tendons or arthritie ehanges 
in the earpal bones are thoughtto be responsible in many eases. 
As you would expect, no paresthesia occurs over the thenar 
eminenee because this area of skin is supplied by the palmar 
cutaneous braneh of the median nerve, which passes superfi- 
eially to the flexor retinaculum. The eondition is dramatieally 
relieved by deeompressing the tunnel by making a longitudinal 
ineision through the flexor retinaculum. 


Flexion of the terminal phalanx of the thumb is lost because of 
paralysis of the flexor pollieis longus. The muscles of the the- 
nar eminenee are paralyzed and wasted so thatthe eminenee is 
flattened. The thumb is laterally rotated and adducted. The hand 
looks flattened and "apelike." 


Ulnar Nerve 

The ulnar nerve (Fig. 9.23), which arises from the medial eord of 
the braehial plexus (C8 and Tl), gives off no cutaneous or motor 
branehes in the axilla or in the arm. As it enters the forearm from 
behind the medial epieondyle, it supplies the flexor earpi ulnaris 
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andthe medial half oftheflexordigitorum profundus. Inthe distal 
third of the forearm, it gives off its palmar and posterior cutane- 
ous branehes. The palmar cutaneous braneh supplies the skin 
over the hypothenar eminenee; the posterior braneh supplies 
the skin overthe medial third of the dorsum of the hand and the 
medial one and a half fingers. Not uncommonly, the posterior 
braneh supplies two and a half instead of one and a half fingers. 
It does not supply the skin over the distal part of the dorsum of 
these fingers. 

Having entered the palm by passing in front of the flexor reti- 
naenlnm, the snperfieial braneh of the ulnar nerve supplies the 
skin of the palmar surface of the medial one and a half fingers 
(Fig. 9.102), including their nail beds; it also supplies the palmaris 
brevis muscle. The deep braneh supplies all the small muscles of 
the hand exceptthe muscles of the thenar eminenee and the first 
two lumbricals, which are supplied by the median nerve. 

The ulnar nerve is most eommonly injured atthe elbow, where 
it lies behind the medial epieondyle, and at the wrist, where 
it lies with the ulnar artery in front of the flexor retinaculum. 
The injuries atthe elbow are usually assoeiated with fractures of 
the medial epieondyle. The superficial position of the nerve atthe 
wrist makes it vulnerable to damage from cuts and stab wounds. 

The elinieal findings in injury to the ulnar nerve are asfollows. 

Injuries to the Ulnar Nerve at the Elbow 

Motor 

The flexor earpi ulnaris and the medial half of the flexor digito- 
rum profundus muscles are paralyzed. The paralysis of the flexor 
earpi ulnaris ean be observed by asking the patientto make a 
tightly elenehed fist. Normally, the synergistie aetion of the flexor 
earpi ulnaris tendon ean be observed as it passes to the pisiform 
bone; the tightening of the tendon will be absent if the muscle is 
paralyzed. The profundus tendons to the ring and little fingers 
will be functionless, and the terminal phalanges of these fingers 
are therefore noteapable of being markedlyflexed. Flexion ofthe 
wrist joint will result in abduction, owing to paralysis of the flexor 
earpi ulnaris. The medial border of the front of the forearm will 
show flattening owing to the wasting of the underlying ulnaris 
and profundus muscles. 

The small muscles of the hand will be paralyzed, exceptthe 
muscles of the thenar eminenee and the first two lumbricals, 
which are supplied by the median nerve. The patient is unable to 
adduct and abductthe fingers and consequently is unable to grip 
a pieee of paper plaeed between the fingers. Rememberthatthe 
extensor digitorum ean abduct the fingers to a small extent, but 
only when the metaearpophalangeal joints are hyperextended. 

It is impossible to adduct the thumb because the adductor 
pollieis muscle is paralyzed. If the patient is asked to grip a pieee 
of paper between the thumb and the index finger, he or she does 
so by strongly eontraeting the flexor pollieis longus and flexing 
the terminal phalanx (Froment's sign). 

The metaearpophalangeal joints beeome hyperextended 
because of the paralysis of the lumbrical and interosseous 


muscles, which normally flex these joints. Because the first 
and seeond lumbricals are not paralyzed (they are supplied by 
the median nerve), the hyperextension of the metaearpopha- 
langeal joints is most prominent in the fourth and fifth fingers. 
The interphalangeal joints are flexed, owing again to the paraly- 
sis of the lumbrical and interosseous muscles, which normally 
extend these joints through the extensor expansion. The flexion 
deformity at the interphalangeal joints of the fourth and fifth fin- 
gers is obvious because the Ist and 2nd lumbrical muscles of 
the index and middle fingers are not paralyzed. In long-standing 
eases, the hand assumes the eharaeteristie "claw" deformity 
(main en griffe). VVasting of the paralyzed muscles results in 
flattening of the hypothenar eminenee and loss of the convex 
curve to the medial border of the hand. Examination of the dor- 
sum of the hand will show hollowing between the metaearpal 
bones caused by wasting of the dorsal interosseous muscles 
(Fig. 9.105). 

Sensory 

Loss of skin sensation will be observed over the anterior and 
posterior surfaces of the medial third of the hand and the medial 
one and a half fingers. 

Vasomotor Ghanges 

The skin areas involved in sensory loss are warmer and drier 
than normal because of the arteriolar dilatation and absenee of 
sweating resulting from loss of sympathetie eontrol. 

Injuries to the Ulnar Nerve at the Wrist 

■ Motor: The small muscles of the hand will be paralyzed and 
show wasting, except for the muscles of the thenar emi- 
nenee and the firsttwo lumbricals, as deseribed (see previ- 
ous column). The clawhand is much more obvious in wrist 
lesions because the flexor digitorum profundus muscle is 
not paralyzed, and marked flexion of the terminal phalanges 
occurs. 

■ Sensory: The main ulnar nerve and its palmar cutaneous 
braneh are usually severed; the posterior cutaneous braneh, 
which arises from the ulnar nerve trunk about 2.5 in. (6.25 em) 
above the pisiform bone, is usually unaffected. The sensory 
loss will therefore be eonfined to the palmar surface of the 
medial third of the hand and the medial one and a half fingers 
and to the dorsal aspeets of the middle and distal phalanges 
of the same fingers. 

■ Vasomotor and trophie ehanges: These are the same as 
those deseribed for injuries at the elbow. It is important to 
rememberthatwith ulnar nerve injuries,the higherthe lesion, 
the less obvious the clawing deformity of the hand. 

Llnlike median nerve injuries, lesions of the ulnar nerve leave a 
relatively effieient hand. The sensation over the lateral part of 
the hand is intaet, and the pineer-like aetion of the thumb and 
index finger is reasonably good, although there is some weak- 
ness owing to loss of the adductor pollieis. 
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FIGURE 9.105 Lllnar nerve palsy. 


DorsalVenous Network 

The network of snperfieial veins ean be seen on the dorsnm 
of the hand (Fig. 9.100). The network drains upward into 
the lateral eephalie vein and a medial basilie vein. 

The eephalie vein erosses the anatomie snuffbox and 
winds around onto the anterior aspeet of the forearm. It 
then aseends into the arm and runs along the lateral border 
of the bieeps (Fig. 9.39). It ends by piereing the deep faseia 
in the deltopeetoral triangle and enters the axillary vein. 

The basilie vein ean be traeed from the dorsum of the 
hand around the medial side of the forearm and reaehes 
the anterior aspeet just below the elbow (Fig. 9.39). It 
pierees the deep faseia at about the middle of the arm. 


The median enbital vein (or median eephalie and median 
basilie veins) links the eephalie and basilie veins in the 
enbital fossa (Fig. 9.39). 

To identify these veins easily, apply firm pressnre around 
the upper arm and repeatedly eleneh and relax the fist. By 
this means, the veins beeome distended with blood. 

I I eiinieal Cases and Review Questions 

are available online at 

I www.thePoint.lww.com/Snell9e. 
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THE LOWER LIMB 

A n 18-year-old stodent was doing part-time work delivering pizzas on his motoreyele. His boss 

insisted on quick delivery, so the student tended to weave in and out of traffie whenever there was 
a holdup. On one oeeasion, he misjudged the gap between two vehieles, and the outer surface of 
his left knee hit a ear bumper. On examination in the emergeney department, he was found to have extensive 
paralysis of the muscles of the anterior and lateral eompartments of the left leg. As a result the patient was 
unable to dorsiflexthe ankle joint (which showed footdrop) and evertthe foot. In addition,there was evidenee 
of diminished sensation down the anterior and lateral sides of the leg and t of the foot and toes, including the 
medial side of the big toe. A series of radiographs of the knee region showed no evidenee of bone fractures. 

The physieian made the diagnosis of paralysis of the eommon peroneal nerve seeondary to blunt 
trauma to the lateral side of the left fibula. The radiographie examination ruled outthe possibility of 
fracture of the neek of the fibula. 

To be in a position to make such a diagnosis, physieians must be eognizant of the detailed anatomy 
of the course of the eommon peroneal nerve as it winds around the outer side of the neek of the fibula. 
Knowledge of the distribution ofthe branehes of this nerve enables physieians to eliminate other nerve 
injuries. Moreover, they are able to assess the degree of nerve damage by testing the strength of the 
various muscles supplied by this nerve and conducting suitable tests to assess the sensory defieits. 
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GHAPTER OBJEGTIVES 


■ Lovver limb problems are some of the most eommon dealt vvith 
by health professionals, vvhether vvorking in general praetiee, 
sorgery, or an emergeney department. 

Arthritis, varieose veins, vaseolar defieieneies, fraetores, 
disloeations, sprains, laeerations, knee effosions, leg pain, 
ankle injories, and peripheral nerve injories are just a fevv of the 
eonditions that physieians see. 


■ The anatomy of the lovver limb is discussed in relation to eom- 
mon elinieal eonditions. 

■ A general deseription of the bones, joints, and aetions of muscles 
is given. Emphasis is plaeed on the functions of the muscles, and 
only the briefest eoverage of their attaehments is provided. 

■ The basie anatomy of the vascular supply, lymphatie drainage, 
and distribution of the nerves is revievved. 


Basig Anatomy 


The primary fanetion of the lower limbs is to snpport the 
weight of the body and to provide a stable fonndation in 
standing, walking, and rnnning; they have beeome speeial- 
ized for loeomotion. 

Beeanse the two hip bones artienlate posteriorly with 
the trnnk at the strong saeroiliae joints and anteriorly with 
eaeh other at the symphysis pnbis, the lower limbs are very 
stable and ean bear the weight of the body. 

Organization of the Lower Limb 

The lower limbs are divided into the glnteal region, the 
thigh, the knee, the leg, the ankle, and the foot. The thigh 
and the leg are eompartmentalized, eaeh eompartment 
having its own mnseles that perform gronp fnnetions and 
its own distinet nerve and blood snpply. 



The Glnteal Region 

The glnteal region, or bnttoek, is bonnded snperiorly by 
the iliae erest and inferiorly by the fold of the bnttoek. The 
region is largely made up of the gluteal muscles and a thiek 
layer of snperfieial faseia. 


The Skin of the Bnttoek 

The cutaneous nerves (Figs. 10.1 and 10.2) are derived from 

posterior and anterior rami of spinal nerves, as follows: 

■ The upper medial quadrant is snpplied by the posterior 
rami of the upper three lumbar nerves and the upper 
three saeral nerves. 

■ The upper lateral quadrant is snpplied by the lateral 
branehes of the iliohypogastrie (Ll) and 12th thoraeie 
nerves (anterior rami). 
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FIGLIRE 10.1 Cutaneous nerves of the posterior surface of 
the right lovver limb. 


lateral cutaneous 
braneh of 12th 
thoraeie nerve 

lateral cutaneous 
nerve of thigh 


intermediate 
cutaneous nerve 
of thigh 


femoral braneh of 
genitofemoral nerve 


ilioinguinal nerve 


obturator nerve 


patellar plexus 
of nerves 


l 


K 


medial cutaneous 
nerve of thigh 


lateral sural 
cutaneous nerve 


infrapatellar braneh 
of saphenous nerve 


saphenous nerve 


superficial peroneal 


nerve 


deep peroneal 


nerve 


FIGURE 10.2 Cutaneous nerves of the anterior surface of 
the right lovver limb. 


■ The lower lateral quadrant is supplied by branehes from 
the lateral cutaneous nerve of the thigh (L2 and 3, ante- 
rior rami). 

■ The lower medial quadrant is snpplied by branehes from 
the posterior cutaneous nerve of the thigh (Sl, 2, and 3, 
anterior rami). 

The skin over the coccyx in the floor of the eleft between 
the bnttoeks is snpplied by small branehes of the lower 
saeral and eoeeygeal nerves. 

The lymph vessels drain into the lateral group of the 
superflcial inguinal nodes (Figs. 10.3 and 10.4). 

Faseia of the Buttock 

The superficial faseia is thiek, espeeially in women, and is 
impregnated with large quantities of fat. It eontribntes to 
the prominenee of the bnttoek. 

The deep faseia is continuous below with the deep fas- 
eia, or faseia lata, of the thigh. In the glnteal region, it splits 
to enelose the gluteus maximus muscle (Fig. 10.5). Above 
the gluteus maximus, it continues as a single layer that eov- 
ers the outer surface of the gluteus medius and is attaehed 
to the iliae erest. On the lateral snrfaee of the thigh, the fas- 
eia is thiekened to form a strong, wide band, the iliotibial 
traet (Fig. 10.6). This is attaehed above to the tnberele of 


the iliae erest and below to the lateral eondyle of the tibia. 
The iliotibial traet forms a sheath for the tensor faseiae latae 
muscle and reeeives the greater part of the insertion of the 
gluteus maximus. 

Bones of the Gluteal Region 

Hip Bone 

The ilium, ischium, and pubis form the hip bone (Figs. 10.7 
and 10.8). They meet one another at the acetabulum. The 
hip bones artienlate with the saernm at the saeroiliae joints 
and form the anterolateral walls of the pelvis; they also 
artienlate with one another anteriorly at the symphysis 
pubis. The detailed structure of the internal aspeet of the 
bony pelvis is eonsidered on page 241. 

The important featnres found on the outer surface of 
the hip bone in the glnteal region are as follows. 

The ilium, which is the upper flattened part of the 
bone, possesses the iliae erest (Fig. 10.8). This ean be felt 
throngh the skin along its entire length; it ends in front at 
the anterior superior iliae spine and behind at the pos- 
terior snperior iliae spine. The iliae tnberele lies about 
2 in. (5 em) behind the anterior snperior spine. Below the 
anterior snperior iliae spine is a prominenee, the anterior 
inferior iliae spine; a similar prominenee, the posterior 
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FIGURE 10.3 A, B. Superficial veins, arteries, and lymph nodes over the right femoral triangle. Note the saphenous opening 
in the deep faseia and its relationship to the femoral sheath. Note also the line of attaehment of the membranous layer of 
superficial faseia to the deep faseia, about a fingerbreadth belovv the inguinal ligament. 
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FIGURE 10.4 Lymph drainage for the superficial tissues of the right lovver limb and the abdominal vvalls belovv the level of 
the umbilicus. Note the arrangement of the superficial and deep inguinal lymph nodes and their relationship to the saphen- 
ous opening in the deep faseia. Note also that all lymph from these nodes ultimately drains into the extemal iliae nodes via 
the femoral eanal. 
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FIGURE 10.5 Right gluteus maximus muscle. 


inferior iliae spine, is loeated below the posterior snperior 
iliae spine. Above and behind the aeetabnlnm, the ilinm 
possesses a large noteh, the greater seiatie noteh (Figs. 10.7 
and 10.8). 

The isehinm is L shaped, possessing an npper thieker 
part, the body, and a lower thinner part, the ramns (Figs. 
10.7 and 10.8). The isehial spine projeets from the posterior 
border of the isehinm and intervenes between the greater 
and lesser seiatie notehes. The isehial tnberosity forms the 
posterior aspeet of the lower part of the body of the bone. 
The greater and lesser seiatie notehes are eonverted into 
greater and lesser seiatie foramina by the presenee of the 
saerospinons and saerotnberons ligaments (see page 245). 

The pnbis ean be divided into a body, a snperior 
ramns, and an inferior ramns (Fig. 10.8). The bodies of 
the two pnbie bones artienlate with eaeh other in the mid- 
line anteriorly at the symphysis pnbis; the snperior ramns 
joins the ilinm and isehinm at the aeetabnlnm, and the 
inferior ramns joins the isehial ramns below the obtnra- 
tor foramen. The obtnrator foramen in life is filled in by 
the obtnrator membrane (see page 245). The pnbie erest 
forms the npper border of the body of the pnbis, and it 
ends laterally as the pnbie tnberele (Figs. 10.7 and 10.8). 

On the onter snrfaee of the hip bone is a deep depres- 
sion, ealled the aeetabnlnm, which artienlates with the 
almost spherieal head of the femnr to form the hip joint 
(Figs. 10.8 and 10.9). The inferior margin of the aeetab- 
ulum is defieient and is marked by the aeetabnlar noteb 
(Fig. 10.8). The artienlar snrfaee of the acetabulum is lim- 
ited to a horseshoe-shaped area and is eovered with hyaline 
eartilage. The fioor of the acetabulum is nonarticular and is 
ealled the aeetabnlar fossa (Fig. 10.8). 


In the anatomie position, the front of the symphysis 
pubis and the anterior snperior iliae spines lie in the same 
vertieal plane. This means that the pelvie snrfaee of the 
symphysis pubis faees upward and backward and the 
anterior snrfaee of the saernm is direeted forward and 
downward. 

The important mnseles and ligaments attaehed to the 
outer surface of the hip bone are shown in Figure 10.8. 

Femur 

The femur articulates above with the acetabulum to form 
the hip joint and below with the tibia and the patella to 
form the knee joint. 

The upper end of the femur has a head, a neek, and 
greater and lesser troehanters (Figs. 10.10 and 10.11). The 
head forms about two thirds of a sphere and artienlates 
with the acetabulum of the hip bone to form the hip joint 
(Fig. 10.9). In the eenter of the head is a small depression, 
ealled the fovea eapitis, for the attaehment of the ligament 
of the head. Part of the blood supply to the head of the 
femur from the obturator artery is eonveyed along this liga- 
ment and enters the bone at the fovea. 

The neek, which eonneets the head to the shaft, passes 
downward, backward, and laterally and makes an angle 
of about 125° (slightly less in the female) with the long 
axis of the shaft. The size of this angle ean be altered by 
disease. 

The greater and lesser troebanters are large emi- 
nenees sitnated at the jnnetion of the neek and the shaft 
(Figs. 10.10 and 10.11). Gonneeting the two troehanters 
are the intertroebanterie line anteriorly, where the ili- 
ofemoral ligament is attaehed, and a prominent inter- 
troebanterie erest posteriorly, on which is the quadrate 
tubercle (Fig. 10.11). 

The sbaft of the femur is smooth and ronnded on its 
anterior snrfaee but posteriorly has a ridge, the linea aspera 
(Fig. 10.11), to which are attaehed muscles and inter- 
muscular septa. The margins of the linea aspera diverge 
above and below. The medial margin eontinnes below as 
the medial snpraeondylar ridge to the addnetor tuber- 
ele on the medial eondyle (Fig. 10.11). The lateral margin 
beeomes continuous below with the lateral supracondy- 
lar ridge. On the posterior snrfaee of the shaft below the 
greater troehanter is the glnteal tnberosity for the attaeh- 
ment of the gluteus maximus muscle. The shaft beeomes 
broader toward its distal end and forms a fiat, triangnlar 
area on its posterior snrfaee ealled the popliteal snrfaee 
(Fig. 10.11). 

The lower end of the femur has lateral and medial 
eondyles, separated posteriorly by the intereondylar 
noteb. The anterior snrfaees of the eondyles are joined 
by an artienlar snrfaee for the patella. The two eondyles 
take part in the formation of the knee joint. Above the 
eondyles are the medial and lateral epieondyles (Fig. 
10.11). The addnetor tnberele is continuous with the 
medial epieondyle. 

The important mnseles and ligaments attaehed to the 
femur are shown in Fignres 10.10 and 10.11. 
















































440 GHAPTER 10 The Lower Limb 


anterior superior iliae spine 


iliacus 


lateral cutaneous nerve of thigh 


sartorius 


\ psoas 

ì V 

\ femoral artery 

^ femoral vein 


femoral nerve 


lateral femoral 
circumflex artery 


profunda femoris artery 


tensor faseiae latae 


medial femoral 
circumflex artery 


intermediate cutaneous nerve 


of thigh 


nerve to vastus medialis 


vastus intermedius 


vastus lateralis 


vastus medialis 
shaft of femur 


iliotibial traet 


rectus femoris 


femoral sheath 


femoral eanal 


ligamentum patellae 



inguinal ligament 
pubic tubercle 


deep external pudendal artery 


spermatie eord 


pectineus 


medial cutaneous nerve of thigh 


adductor longus 


adductor magnus 


graeilis 


femoral artery 


saphenous nerve 


saphenous nerve 


FIGURE 10.6 Femoral triangle and adductor (subsartorial) eanal in the right lovver limb 
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FIGURE 10.7 Medial surface (A) and lateral surface (B) of the right hip bone. Note the lines of fusion betvveen the three bones 
(the iliunn, the isehinm, and the pubis). 
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FIGURE 10.8 Muscles and ligaments attaehed to the external surface of the right hip bone. 
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FIGLIRE 10.9 Muscles attaehed to the external surface of the right hip bone and the posterior surface of the fennur 



e L I N I e A L N 0 T E S 


Tenderness of the Head of the Femnr and Arthrìtìs of 
the Hìp Joint 

The head of the femur—that is, that part that is not intra- 
acetabular—ean be palpated on the anterior aspeet of the thigh 
just inferior to the inguinal ligament and just lateral to the pulsat- 
ing femoral artery. Tenderness over the head of the femur usu- 
ally indieates the presenee of arthritis of the hip joint. 

Blood Snpply to the Femoral Head and Neek 
Fraetnres 

Anatomie knovvledge of the blood supply to the femoral head 
explains vvhy avascular neerosis of the head ean occur after 
fractures of the neek of the femur. In the young, the epiphysis 
of the head is supplied by a small braneh of the obturator artery, 
vvhieh passes to the head along the ligament of the femoral 
head. The upper part of the neek of the femur reeeives a profuse 
blood supply from the medial femoral circumflex artery. These 
branehes pieree the capsule and aseend the neek deep to the 
synovial membrane. As long as the epiphyseal eartilage remains, 
no communication occurs betvveen the tvvo sources of blood. In 
the adult, after the epiphyseal eartilage disappears, an anasto- 
mosis betvveen the tvvo sources of blood supply is established. 
Fractures of the femoral neek interfere vvith or eompletely inter- 
rupt the blood supply from the root of the femoral neek to the 



femoral head. The seant blood flovv along the small artery that 
aeeompanies the round ligament may be insufficient to sustain 
the viability of the femoral head, and isehemie neerosis gradually 
takes plaee. 

The Neek of the Femur and Coxa Valga and Coxa Vara 

The neek of the femur is inelined at an angle vvith the shaft; the 
angle is about 160° in the young ehild and about 125° in the adult. 
An inerease in this angle is referred to as coxa valga, and it 
occurs, for example, in eases of eongenital disloeation of the hip. 
In this eondition, adduction of the hip joint is limited. A deerease 
in this angle is referred to as coxa vara, and it occurs in fractures 
of the neek of the femur and in slipping of the femoral epiphysis. 
In this eondition, abduction of the hip joint is limited. Shenton's 
line is a useful means of assessing the angle of the femoral neek 
on a radiograph of the hip region (see Fig. 10.72). 

Fractures of the Femur 

Fractures of the neek of the femur are eommon and are of tvvo 
types, subcapital and troehanterie. The subcapital fracture 
occurs in the elderly and is usually produced by a minor trip or 
stumble. Subcapital femoral neckfractures are particularly eom- 
mon in vvomen after menopause. This gender predisposition is 
because of a thinning of the eortieal and trabecular bone caused 


(continued) 
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by estrogen defieieney. Avaseolar neerosis of the head is a 
eommon eomplieation. If the fragments are not impaeted, eon- 
siderable displaeement occurs. The strong muscles of the thigh 
(Fig. 10.12), including the rectus femoris, the adductor muscles, 
and the hamstring muscles, pull the distal fragment upward, so 
thatthe leg is shortened (as measured from the anterior superior 
iliae spineto the adductortubercle or medial malleolus).The glu- 
teus maximus, the piriformis, the obturator internus, the gemelli, 
and the quadratus femoris rotate the distal fragment laterally, as 
seen bythetoes pointing laterally. 

Troehanterie fraetnres eommonly occur in the young and 
middle aged as a result of directtrauma. The fracture line is extra- 
capsular, and both fragments have a profuse blood supply. If the 
bone fragments are not impaeted, the pull of the strong muscles 
will produce shortening and lateral rotation of the leg, as previ- 
ously explained. 

Fractures of the shaft of the femur usually occur in young and 
healthy persons. In fraetnres of the npperthird of the shaft of the 
femur, the proximal fragment is flexed by the iliopsoas; abducted 
by the gluteus medius and minimus; and laterally rotated by 
the gluteus maximus, the piriformis, the obturator internus, the 
gemelli, and the quadratus femoris (Fig. 10.13). The lower frag- 


ment is adducted by the adductor muscles, pulled upward by the 
hamstrings and quadriceps, and laterally rotated by the adduc- 
tors and the weight of the foot (Fig. 10.13). 

In fraetores of the middle third of the shaft of the femur, 
the distal fragment is pulled upward by the hamstrings and the 
quadriceps (Fig. 10.13), resulting in eonsiderable shortening. The 
distal fragment is also rotated backward by the pull of the two 
heads of the gastrocnemius (Fig. 10.13). 

In fraetores of the distal third of the shaft of the femur, the 
same displaeement of the distal fragmentoccurs as seen in frae- 
tures of the middle third of the shaft. However, the distal frag- 
ment is smaller and is rotated backward by the gastrocnemius 
muscle (Fig. 10.13) to a greater degree and may exert pressure 
on the popliteal artery and interfere with the blood flowthrough 
the leg and foot. 

From these accounts, it is elear that knowledge of the dif- 
ferent aetions of the muscles of the leg is neeessary to under- 
stand the displaeement of the fragments of a fractured femur. 
Gonsiderable traetion on the distal fragment is usually required 
to overeome the powerful muscles and restore the limb to its 
eorreet length before manipulation and operative therapy to 
bring the proximal and distal fragments into eorreet alignment. 
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FIGURE 10.10 Muscles and ligaments attaehed to the ante- FIGURE 10.11 Muscles and ligaments attaehed to the poste- 
rior surface of the right femur. rior surface of the right femur. 
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FIGURE 10.12 A. Fractures of the neek of the femur. B. Displaeement of the lovver bone fragment caused by the pull of the 
povverful muscles. Note in particular the outvvard rotation of the leg so that the foot eharaeteristieally points laterally. GM, 
gluteus maximus; Pl, piriformis; 01, obturator internus; GE, gemelli; QF, quadratus femoris; RF rectus femoris; AM, adductor 
muscles; HS, hamstring muscles. 





GAST 
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e 


FIGURE 10.13 Fractures of the shaft of the femur. A. Llpper third of the femoral shaft. Note the displaeement caused by the 
pull of the povverful muscles. B. Middle third of the femoral shaft. Note the posterior displaeement of the lovver fragment 
caused by the gastrocnemius muscle. C. Lovver third of the femoral shaft. Note the excessive displaeement of the lovver 
fragment caused by the pull of the gastrocnemius muscle, threatening the integrity of the popliteal artery. IR iliopsoas; GME, 
gluteus medius; GMI, gluteus minimus; GM, gluteus maximus; Pl, piriformis; 01, obturator internus; GE, gemelli; QF quadra- 
tus femoris; AM, adductor muscles; ODF, quadriceps femoris; HAM, hamstrings; GAST, gastrocnemius. 
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Ligaments of the Glnteal Region 

The two important ligaments in the glnteal region are the sae- 
rotuberous and sacrospinous ligaments. The hmetion of these 
ligaments is to stabilize the sacrum and prevent its rotation at 
the saeroiliae joint by the weight of the vertebral column. 

Sacrotuberous Ligament 

The sacrotuberous ligament eonneets the baek of the 
sacrum to the isehial tuberosity (Fig. 10.14; see Fig. 6.1). 

Sacrospinous Ligament 

The sacrospinous ligament eonneets the baek of the sacrum 
to the spine of the ischium (Fig. 10.14; see Fig. 6.1). 


Foramina of the Glnteal Region 

The two important foramina in the gluteal region are the 
greater seiatie foramen and the lesser seiatie foramen. 

Greater Seiatie Foramen 

The greater seiatie foramen (see Fig. 6.11) is formed by the 
greater seiatie noteh of the hip bone and the sacrotuberous 
and sacrospinous ligaments. It provides an exit from the 
pelvis into the gluteal region. 

The following structures exit the foramen (Fig. 10.15): 

■ Piriformis 

■ Seiatie nerve 

■ Posterior cutaneous nerve of the thigh 
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FIGLIRE 10.14 Deep structures in the right gluteal region; the gluteus maximus and the gluteus medius muscles have been 
eompletely removed. 
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FIGURE 10.15 Structures in the right gluteal region. The greater part of the gluteus nnaxinnus and part of the gluteus nnedius 
have been removed. 


■ Superior and inferior gluteal nerves 

■ Nerves to the obtnrator internns and quadratus femoris 

■ Pudendal nerve 

■ Snperior and inferior glnteal arteries and veins 

■ Internal pndendal artery and vein 

Lesser Seiatie Foramen 

The lesser seiatie foramen (see Fig. 6.11) is formed by the 
lesser seiatie noteh of the hip bone and the sacrotuberous 
and saerospinons ligaments. It provides an entranee into 
the perinenm from the glnteal region. Its presenee enables 
nerves and blood vessels that have left the pelvis throngh 
the greater seiatie foramen above the pelvie floor to enter 
the perinenm below the pelvie floor. 

The following structures pass through the foramen 
(Fig. 10.14): 

■ Tendon of obtnrator internns muscle 

■ Nerve to obturator internus 


■ Pudendal nerve 

■ Internal pndendal artery and vein 

Muscles of the Gluteal Region 

The mnseles of the glnteal region inelnde the gluteus maxi- 
mus, the gluteus medius, the gluteus minimus, the tensor 
faseiae latae, the piriformis, the obtnrator internns, the 
snperior and inferior gemelli, and the quadratus femoris. 
The muscles are shown in Fignres 10.5, 10.14, and 10.15 
and deseribed in Table 10.1. 

Note the following: 

■ The gluteus maximus (Fig. 10.5) is the largest muscle in 
the body. It lies snperfleial in the glnteal region and is 
largely responsible for the prominenee of the bnttoek. 

■ The tensor faseiae latae runs downward and backward 
to its insertion in the iliotibial traet and thus assists the 
gluteus maximus muscle in maintaining the knee in the 
extended position. 
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TABLE 



Muscles of the Gluteal Region 


Muscle 

Origin 

Insertion 

Nerve Snpply 

Nerve Root^ 

Aetion 

Gluteus 

maximus 

Outer surface of 
ilium, sacrum, 
coccyx, 
sacrotuberous 
ligament 

lliotibial traet and 
gluteal tuberosity 
of femur 

Inferior gluteal 
nerve 

L5;S1,2 

Extends and 
laterally rotates 
hip joint; through 
iliotibial traet, 
it extends knee 
joint 

Gluteus medius 

Outer surface of 
ilium 

Lateral surface of 
greater troehanter 
of femur 

Superior 
gluteal nerve 

L5;S1 

Abducts thigh at hip 
joint; tilts pelvis 
when walking to 
permit opposite 
leg to elear 
ground 

Gluteus minimus 

Outer surface of 
ilium 

Anterior surface of 
greater troehanter 
of femur 

Superior gluteal 
nerve 

L5;S1 

Abducts thigh at hip 
joint; tilts pelvis 
when walking to 
permit opposite 
leg to elear 
ground 

Tensorfaseiae 

latae 

lliae erest 

lliotibial traet 

Superior gluteal 
nerve 

L4;5 

Assists gluteus 
maximus in 
extending the 
knee joint 

Piriformis 

Anterior surface 
of sacrum 

Llpper border of 
greater troehanter 
of femur 

Ist and 2nd 
saeral nerves 

L5;S1,2 

Lateral rotator of 
thigh at hip joint 

Obturator 

internus 

Inner surface 
of obturator 
membrane 

Llpper border of 
greater troehanter 
of femur 

Saeral plexus 

L5;S1 

Lateral rotator of 
thigh at hip joint 

Gemellus 

superior 

Spine of ischium 

Llpper border of 
greatertroehanter 
of femur 

Saeral plexus 

L5;S1 

Lateral rotator of 
thigh at hip joint 

Gemellus 

inferior 

isehial tuberosity 

Llpper border of 
greater troehanter 
of femur 

Saeral plexus 

L5;S1 

Lateral rotator of 
thigh at hip joint 

Quadratus 

femoris 

Lateral border 
of isehial 
tuberosity 

Quadrate tubercle of 
femur 

Saeral plexus 

L5;S1 

Lateral rotator of 
thigh at hip joint 


The predominant nerve root sopply is indieated by boldfaee type. 
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■ The piriformis (Fig. 10.15) lies partly within the pelvis at 
its origin. It emerges throngh the greater seiatie foramen 
to enter the glnteal region. Its position serves to separate 
the snperior glnteal vessels and nerves from the inferior 
glnteal vessels and nerves (Fig. 10.15). 

■ The obtnrator internns is a fan-shaped mnsele that lies 
within the pelvis at its origin. It emerges throngh the 
lesser seiatie foramen to enter the glnteal region. The 
tendon is joined by the snperior and inferior gemelli and 
is inserted into the greater troehanter of the femnr. 

■ Three bnrsae are nsnally assoeiated with the glntens 
maximus: between the tendon of insertion and the 
greater troehanter, between the tendon of insertion and 
the vastus lateralis, and overlying the isehial tnberosity. 



Gluteus Maxìmus and lntramuscular injeetions 

The gluteus maximus is a large, thiek muscle with eoarse fas- 
ciculi that ean be easily separated without damage. The great 
thiekness of this muscle makes it ideal for intramuscular injee- 
tions. To avoid injury to the underlying seiatie nerve, the injee- 
tion should be given well forward on the upper outer quadrant 
of the bnttoek. 


Gluteus Maxímus and Bnrsítís 

Bursitis, or inflammation of a bursa, ean be caused by acute 
or ehronie trauma. An inflamed bursa beeomes distended with 
excessive amounts of fluid and ean be extremely painful. The 
bursae assoeiated with the gluteus maximus are prone to 
inflammation. 

V_ J 



e L 


N I e A L 


N 0 T E S 



Gluteus Medìus and Mìnìmns and Polìomyelìtìs 

The gluteus medius and minimus muscles may be paralyzed 
when poliomyelitis involves the lower lumbar and saeral seg- 
ments of the spinal eord. They are supplied by the superior 
gluteal nerve (L4 and 5 and S1). Paralysis of these muscles 
seriously interferes with the ability of the patientto tiltthe pel- 
vis when walking. 


Nerves of the Gluteal Region 

Seiatìe Nerve 

The seiatie nerve, abraneh of the saeral plexus (L4 and 5; Sl, 
2, and 3), emerges from the pelvis through the lower part of 
the greater seiatie foramen (Figs. 10.14 and 10.15). It is the 
largest nerve in the body and eonsists of the tibial and eom- 
mon peroneal nerves bound together with faseia (Figs. 10.16 
and 10.17). The nerve appears below the piriformis mus- 
ele and curves downward and laterally, lying sneeessively 


on the root of the isehial spine, the snperior gemellns, the 
obtnrator internns, the inferior gemellns, and the quadratus 
femoris to reaeh the baek of the adductor magnus muscle 
(Fig. 10.15). It is related posteriorly to the posterior cutane- 
ous nerve of the thigh and the gluteus maximus. It leaves 
the buttock region by passing deep to the long head of the 
bieeps femoris to enter the baek of the thigh (see page 466). 

Oeeasionally, the eommon peroneal nerve leaves the 
seiatie nerve high in the pelvis and appears in the glnteal 
region by passing above or throngh the piriformis muscle. 

The seiatie nerve usually gives no branehes in the glnteal 
region. 

Posterior Cutaneous Nerve of theThigh 

The posterior cutaneous nerve of the thigh, a braneh of the 
saeral plexus, enters the glnteal region throngh the lower 
part of the greater seiatie foramen below the piriformis 
muscle (Fig. 10.14). It passes downward on the posterior 
snrfaee of the seiatie nerve and runs down the baek of the 
thigh beneath the deep faseia. In the popliteal fossa, it sup- 
plies the skin. 

Branehes 

■ Gluteal branehes to the skin over the lower medial 
quadrant of the bnttoek (Fig. 10.1) 

■ Perineal braneh to the skin of the baek of the serotnm 
or labium majus 

■ Cutaneous branehes to the baek of the thigh and the 
upper part of the leg (Fig. 10.1) 

Superior Gluteal Nerve 

The superior gluteal nerve, a braneh of the saeral plexus, 
leaves the pelvis through the upper part of the greater sei- 
atie foramen above the piriformis (Fig. 10.15). It runs for- 
ward between the gluteus medius and minimns, snpplies 
both, and ends by snpplying the tensor faseiae latae. 

Inferior Gluteal Nerve 

The inferior glnteal nerve, a braneh of the saeral plexus, 
leaves the pelvis through the lower part of the greater sei- 
atie foramen below the piriformis (Figs. 10.14 and 10.15). 
It snpplies the gluteus maximus muscle. 

Nerve to the Quadratus Femoris 

A braneh of the saeral plexus, the nerve to the quadratus 
femoris leaves the pelvis through the lower part of the 
greater seiatie foramen (Fig. 10.15). It ends by snpplying 
the quadratus femoris and the inferior gemellns. 

Pudendal Nerve and the Nerve to the 
Obturator lnternus 

Branehes of the saeral plexus, the pudendal nerve, and 
nerve to the obtnrator internns leave the pelvis throngh the 
lower part of the greater seiatie foramen, below the piri- 
formis (Figs. 10.14 and 10.15). They eross the isehial spine 
with the internal pndendal artery and immediately re-enter 
the pelvis throngh the lesser seiatie foramen; they then lie 
in the isehioreetal fossa (see page 309). The pndendal nerve 
snpplies structures in the perinenm. The nerve to the obtu- 
rator internus supplies the obturator internus muscle on its 
pelvie snrfaee. 
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FIGLIRE 10.16 Summary of the origin of the seiatie nerve and the main branehes of the eommon peroneal nerve. 


Arteries of the Gluteal Region 

Superior Gluteal Artery 

The superior gluteal artery is a braneh from the internal 
iliae artery and enters the glnteal region throngh the upper 
part of the greater seiatie foramen above the piriformis 
(Figs. 10.14 and 10.15). It divides into branehes that are 
distribnted throughout the gluteal region. 

Inferior Gluteal Artery 

The inferior glnteal artery is a braneh of the internal 
iliae artery and enters the glnteal region throngh the 
lower part of the greater seiatie foramen, below the piri- 
formis (Figs. 10.14 and 10.15). It divides into numer- 
ous branehes that are distribnted throughout the gluteal 
region. 

TheTroehanterie Anastomosis 

The troehanterie anastomosis provides the main blood 
supply to the head of the femur. The nutrient arteries pass 
along the femoral neekbeneath the eapsnle (Fig. 10.18). The 
following arteries take part in the anastomosis: the snperior 


glnteal artery, the inferior glnteal artery, the medial femoral 
circumf[ex artery, and the lateral femoral circumf[ex artery. 

The Gmeiate Anastomosis 

The cruciate anastomosis is sitnated at the level of the lesser 
troehanter of the femur and, together with the troehanterie 
anastomosis, provides a eonneetion between the internal iliae 
and the femoral arteries. The following arteries take part in 
the anastomosis: the inferior glnteal artery, the medial femo- 
ral circumf[ex artery, the lateral femoral circumf[ex artery, and 
the first perforating artery, a braneh of the profimda artery. 



Arterìal Anastomoses and Femoral Artery Oeelnsion 

The importanee of the troehanterie and cruciate anastomoses 
in femoral artery occlusion is discussed on page 524. 
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FIGURE 10.17 Summary of the origin of the seiatie nerve and the main branehes of the tibial nerve 


The Front and Medial Aspeets 
of the Thigh 

Skin of the Thigh 

Cutaneous Nerves 

The lateral cutaneous nerve of the thigh, a braneh of the 
lumbar plexus (L2 and 3), enters the thigh behind the lateral 


end of the inguinal ligament (Fig. 10.2). Having divided 
into anterior and posterior branehes, it snpplies the skin of 
the lateral aspeet of the thigh and knee. It also snpplies the 
skin of the lower lateral quadrant of the bnttoek (Fig. 10.1). 

The femoral braneh of the genitofemoral nerve, a 
braneh of the lumbar plexus (L1 and 2), enters the thigh 
behind the middle of the ingninal ligament and snpplies a 
small area of skin (Fig. 10.2). The genital braneh snpplies 
the eremaster muscle (see page 222). 
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FIGURE 10.18 Goronal seetion of the right hip joint (A) and articular surfaces of the right hip joint and arterial supply of the 
head of the fennur (B). 


The ilioinguinal nerve, a braneh of the Inmbar plexus 
(Ll), enters the thigh through the superficial inguinal ring 
(Fig. 10.2). It is distribnted to the skin of the root of the 
penis and adjaeent part of the serotnm (or root of the elito- 
ris and adjaeent part of the labium majus in the female) 
and to a small skin area below the medial part of the ingui- 
nal ligament. 

The medial entaneons nerve of the thigh, a braneh of 
the femoral nerve, snpplies the medial aspeet of the thigh 
and joins the patellar plexus (Fig. 10.2). 

The intermediate entaneons nerve of the thigh, a 
braneh of the femoral nerve, divides into two branehes that 
supply the anterior aspeet of the thigh and joins the patellar 
plexus (Fig. 10.2). 

Branehes from the anterior division of the obtnrator 
nerve supply a variable area of skin on the medial aspeet of 
thethigh (Fig. 10.2). 


The patellar plexus lies in front of the knee and is 
formed from the terminal branehes of the lateral, inter- 
mediate, and medial cutaneous nerves of the thigh and the 
infrapatellar braneh of the saphenons nerve (Fig. 10.2). 

Superficial Veins 

The snperfieial veins of the leg are the great and small 
saphenons veins and their tribntaries (Fig. 10.19). They are 
of great elinieal importanee. 

The great saphenous vein drains the medial end of the 
dorsal venous areh of the foot and passes upward direetly 
infront of the medial malleolus (Fig. 10.19). It then aseends 
in eompany with the saphenons nerve in the snperfieial fas- 
eia over the medial side of the leg. The vein passes behind 
the knee and curves forward around the medial side of the 
thigh. It passes throngh the lower part of the saphenons 
opening in the deep faseia and joins the femoral vein about 











452 GHAPTER 10 The Lower Limb 


anterior superior 

iliae spine 


superficial circunnflex iliae vein 


saphenous opening 

femoral vein 
femoral artery 




superficial epigastrie vein 
pubic tubercle 




great saphenous vein 


aeeessory vein 


perforating vein 


muscle 



superficial 

faseia 


skin 


saphenous vein 


venae eomitantes 


deep faseia 


II 


venous pump 


II 


J 


/ 


yì 


superficial external pudendal vein 


great saphenous vein 


small 


vein 



popliteal vein 


saphenous 


lateral 

malleolus 


medial malleolus 


dorsal venous areh 


FIGURE 10.19 Superficial veins of the right lovver linnb. Note the innportanee of the valved perforating veins in the "venous punnp.'' 


1.5 in. (4 em) below and lateral to the pnbie tnberele (Figs. 
10.3 and 10.19). 

The great saphenons vein possesses nnmerons valves 
and is eonneeted to the small saphenons vein by one or two 
branehes that pass behind the knee. Several perforating 
veins eonneet the great saphenons vein with the deep veins 
along the medial side of the ealf (Fig. 10.19). 

At the saphenons opening in the deep faseia, the great 
saphenons vein nsnally reeeives three tribntaries that are 


variable in size and arrangement (Figs. 10.3 and 10.19): the 
snperfieial circumflex iliae vein, the superficial epigastrie 
vein, and the snperfieial external pndendal vein. These 
veins eorrespond with the three branehes of the femoral 
artery fonnd in this region. 

An additional vein, known as the aeeessory vein, nsnally 
joins the main vein abont the middle of the thigh or higher 
up at the saphenous opening. 

The small saphenons vein is deseribed on page 487. 
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Veìns of the Lower Lìmb 

The veins of the lovver limb ean be divided into three groups: 
superficial, deep, and perforating. The snperfieial veins eon- 
sist of the great and small saphenous veins and their tributar- 
ies, vvhieh are situated beneath the skin in the superficial faseia. 
The eonstant position of the great saphenous vein in front of the 
medial malleolus should be remembered for patients requiring 
emergeney blood transfusion. The deep veins are the venae 
eomitantes to the anterior and posterior tibial arteries, the pop- 
liteal vein, and the femoral veins and their tributaries. The per- 
forating veins are communicating vessels that run betvveen the 
superficial and deep veins. Many of these veins are found partie- 
ularly in the region of the ankle and the medial side of the lovver 
part of the leg. They possess valves that are arranged to prevent 
the flovv of blood from the deep to the superficial veins. 

Venons Pump of the Lower Lìmb 

VVithin the elosed faseial eompartments of the lovver limb, the thin- 
vvalled, valved venae eomitantes are subjected to intermittent pres- 
sure at rest and during exercise. The pulsations of the adjaeent 
arteries help move the blood up the limb. Hovvever, the eontraetions 
of the large muscles vvithin the eompartments during exercise eom- 
press these deeply plaeed veins and foree the blood up the limb. 

The superficial saphenous veins, except near their termina- 
tion, lie vvithin the superficial faseia and are not subject to these 
eompression forees. The valves in the perforating veins prevent 
the high-pressure venous blood from being foreed outvvard into 
the lovv-pressure superficial veins. Moreover, as the muscles 
vvithin the elosed faseial eompartments relax, venous blood is 
sucked from the superficial into the deep veins. 

Varìeose Veìns 

A varieosed vein is one that has a larger diameter than normal 
and is elongated and tortuous. Varieosity of the esophageal and 
reetal veins is deseribed elsevvhere (see pages XXX and XXX). 
This eondition eommonly occurs in the superficial veins of the 
lovver limb and, although not life threatening, is responsible for 
eonsiderable diseomfort and pain. 

Varieosed veins have many causes, including hereditary vveak- 
ness of the vein vvalls and ineompetent valves; elevated intra- 
abdominal pressure asa resultof multiple pregnaneiesorabdominal 
tumors; andthrombophlebitis ofthe deep veins, vvhieh results inthe 
superficial veins beeoming the main venous pathvvay for the lovver 
limb. It is easy to understand hovvthis eondition ean be produced by 
ineompetenee of a valve in a perforating vein. Every time the patient 
exercises, high-pressure venous blood eseapes from the deep veins 
into the superficial veins and produces a varieosity, vvhieh might be 
loealized to begin vvith but beeomes more extensive later. 

The successful operative treatment of varieosed veins 
depends on the ligation and division of all the main tributaries 
of the great or small saphenous veins, to prevent a eollateral 
venous circulation from developing, and the ligation and division 
of all the perforating veins responsible for the leakage of high- 
pressure blood from the deep to the superficial veins. It is novv 
eommon praetiee to remove or strip the superficial veins in addi- 
tion. Needless to say, it is imperative to aseertain that the deep 
veins are patent before operative measures are taken. 


Great Saphenous Veìn Cutdown 

Exposure of the great saphenous vein through a skin ineision (a 
"cutdovvn") is usually performed at the ankle (Fig. 10.20). This 
site has the disadvantage that phlebitis (inflammation of the vein 
vvall) is a potential eomplieation. The great saphenous vein also 
ean be entered at the groin in the femoral triangle, vvhere phle- 
bitis is relatively rare; the larger diameter of the vein at this site 
permits the use of large-diameter eatheters and the rapid infu- 
sion of large volumes of fluids. 


Anatomy of Ankle Vein Cutdown 

The procedure is as follovvs: 

1 . The sensory nerve supply to the skin immediately in front 
of the medial malleolus of the tibia is from branehes of 
the saphenous nerve, a braneh of the femoral nerve. 
The saphenous nerve branehes are bloeked vvith loeal 
anesthetie. 

2. A transverse ineision is made through the skin and subcuta- 
neous tissue aeross the long axis of the vein just anterior and 
superiorto the medial malleolus (Fig. 10.20). Although the vein 
may not be visible through the skin, it is eonstantly found at 
this site. 

3. The vein is easily identifìed, and the saphenons nerve should 
be reeognized; the nerve usually lies just anterior to the vein 
(Fig. 10.20). 


Anatomy of Groin Vein Cutdown 

1 . The area of thigh skin belovv and lateral to the scrotum or la- 
bium majus is supplied by branehes of the ilioinguinal nerve 
and the intermediate cutaneous nerve of the thigh. The 
branehes of these nerves are bloeked vvith loeal anesthetie. 

2. Atransverseineisionismadethroughtheskinandsubcutane- 
ous tissue eentered on a point about 1.5 in. (4 em) belovv and 
lateral to the pubic tubercle (Fig. 10.20). If the femoral pulse 
ean be felt (may be absent in patients vvith severe shoek), the 
ineision is earried medially just medial to the pulse. 

3. The great saphenous vein lies in the subcutaneous fat and 
passes posteriorly through the saphenous opening in the 
deep faseia to join the femoral vein about 1.5 in. (4 em), or 
tvvo fingerbreadths belovv and lateral to the pubic tubercle. 
It is important to understand that the great saphenous vein 
passes through the saphenous opening to gain entranee to 
the femoral vein. Hovvever, the size and shape of the opening 
are subject to variation. 


The Great Saphenous Vein in Goronary Bypass Surgery 

In patients vvith occlusive eoronary disease caused by athero- 
selerosis, the diseased arterial segment ean be bypassed by 
inserting a graft eonsisting of a portion of the great saphenous 
vein. The venous segment is reversed so that its valves do not 
obstructthe arterial flovv. Follovving removal of the greatsaphe- 
nous vein atthe donor site,the superficial venous blood aseends 
the lovver limb by passing through perforating veins and entering 
the deep veins. 

The great saphenous vein ean also be used to bypass 
obstructions of the braehial orfemoral arteries. 
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FIGURE 10.20 Great saphenous vein cutdovvn. A, B. At the ankle. The great saphenous vein is eonstantly found in front of the 
medial malleolus of the tibia. C, D. At the groin. The great saphenous vein drains into the femoral vein tvvo fingerbreadths 
belovv and lateral to the pubic tubercle. 


Inguinal Lymph Nodes 

The inguinal lymph nodes are divided into superficial and 
deep groups. 

Superficial lnguinal Lynnph Nodes 


passing throngh the femoral eanal to lymph nodes along 
the external iliae artery (see Fig. 5.76). 


Superfìcial Faseia of the Thigh 


The snperfieial nodes lie in the snperfieial faseia below the The membranous layer of the superficial faseia of the 
ingninal ligament and ean be divided into a horizontal and anterior abdominal wall extends into the thigh and 


a vertieal group (Figs. 10.3 and 10.4). 

The horizontal group lies just below and parallel to the 
inguinal ligament (Figs. 10.3 and 10.4). The medial members 
of the group reeeive superficial lymph vessels from the anterior 
abdominal wall below the level of the umbilicus and from the 
perinenm (Fig. 10.4). The lymph vessels from the nrethra, 
the external genitalia of both sexes (but not the testes), and 
the lower half of the anal eanal are drained by this route. The 
lateral members of the group reeeive superficial lymph vessels 
ífom the baek below the level of the iliae erests (Fig. 10.4). 

The vertieal group lies along the terminal part of the 
great saphenons vein and reeeives most of the snperfieial 
lymph vessels of the lower limb (Figs. 10.3 and 10.4). 

The efferent lymph vessels from the snperfieial ingninal 
nodes pass throngh the saphenons opening in the deep fas- 
eia and join the deep ingninal nodes. 

Deep lnguinal Lymph Nodes 

The deep nodes are loeated beneath the deep faseia and 
lie along the medial side of the femoral vein (Fig. 10.21); 
the efferent vessels from these nodes enter the abdomen by 


is attaehed to the deep faseia (faseia lata) about a 
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Lymphatìes of the Lower Lìmb 

The superficial and deep inguinal lymph nodes not only drain 
all the lymph from the lovver limb, but also drain lymph from 
the skin and superficial faseia of the anterior and posterior 
abdominal vvalls belovv the level of the umbilicus; lymph from 
the external genitalia and the mucous membrane of the lovver 
half of the anal eanal also drains into these nodes. Remember 
the large distanees the lymph has had to travel in some 
instanees before it reaehes the inguinal nodes. For example, 
a patient may present vvith an enlarged, painful inguinal lymph 
node caused by lymphatie spread of pathogenie organisms 
that entered the body through a small serateh on the under- 
surface of the big toe. 
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FIGURE 10.21 Right fennoral sheath and its eontents. 


fingerbreadth below the ingninal ligament (Figs. 10.3 and 
10.21). The importanee of this faet in eonneetion with 
extravasation of nrine after a rnptnre of the nrethra is fnlly 
deseribed in Ghapter 4. 

The fatty layer of the superficial faseia on the anterior 
abdominal wall extends into the thigh and eontinnes down 
over the lower limb without interruption (Fig. 10.21). 

Deep Faseia of the Thigh (Faseia Lata) 

The deep faseia eneloses the thigh like a tronser leg 
(Fig. 10.22) and at its upper end is attaehed to the pelvis and 
the ingninal ligament. On its lateral aspeet, it is thiekened 
to form the iliotibial traet (Figs. 10.6 and 10.22), which is 
attaehed above to the iliae tnberele and below to the lateral 
eondyle of the tibia. The iliotibial traet reeeives the inser- 
tion of the tensor faseiae latae and the greater part of the 
gluteus maximus muscle (see Figs. 10.5 and 10.6). In the 
glnteal region, the deep faseia forms sheaths, which enelose 
the tensor faseiae latae and the gluteus maximus muscles. 

The saphenous opening is a gap in the deep faseia in 
the front of the thigh just below the inguinal ligament. It 
transmits the great saphenons vein, some small branehes 
of the femoral artery, and lymph vessels (Fig. 10.3). The 
saphenons opening is sitnated about 1.5 in. (4 em) below 
and lateral to the pubic tubercle. The faleiform margin is 
the lower lateral border of the opening, which lies anterior 


to the femoral vessels (Fig. 10.3). The border of the opening 
then curves upward and medially, and then laterally behind 
the femoral vessels, to be attaehed to the peetineal line of 
the snperior ramus of the pubis. 

The saphenous opening is filled with loose eonneetive 
tissue ealled the eribriform faseia. 

Faseial Compartments of the Thigh 

Three faseial septa pass from the inner aspeet of the deep fas- 
eial sheath of the thigh to the linea aspera of the femur (Fig. 
10.22). By this means, the thigh is divided into three eom- 
partments, eaeh having mnseles, nerves, and arteries. The 
eompartments are anterior, medial, and posterior in position. 

Gontents of the Anterior Faseial 
Gompartment of the Thigh 

■ Muscles: Sartorins, iliaens, psoas, peetinens, and quadri- 
eeps femoris 

■ Blood supply: Femoral artery 

■ Nerve supply: Femoral nerve 

Muscles of theAnterior Faseial eompartment 
of theThigh 

The mnseles are seen in Fignres 10.6, 10.23, and 10.24 and 
are deseribed in Table 10.2. 
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FIGURE 10.22 Transverse seetion through the middle of the right thigh as seen from above 
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FIGURE 10.23 Disseetion of the femoral triangle in the left lovver limb. 
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FIGURE 10.24 Relationship betvveen the obturator nerve and the adductor moseles in the right lovver limb. 


Note the following: 

Aetion of Quadriceps Fennoris Muscle 
(Quadriceps Meehanism) 

The quadriceps femoris muscle, eonsisting of the rectus 
femoris, the vastus intermedius, the vastus lateralis, and the 
vastus medialis, is inserted into the patella and, via the liga- 
mentum patellae, is attaehed to the tibial tuberosity (Fig. 
10.25). Together, they provide a powerful extensor of the 
knee joint. Some of the tendinons fibers of the vastus lat- 
eralis and vastus medialis form bands, or retinacula, which 
join the eapsnle of the knee joint and strengthen it. The 
lowest muscle fibers of the vastus medialis are almost hori- 
zontal and prevent the patella from being pulled laterally 
during eontraetion of the quadriceps muscle. The tone of 
the quadriceps muscle greatly strengthens the knee joint. 
The rectus femoris muscle also fiexes the hip joint. 

FemoralTriangle 

The femoral triangle is a triangnlar depressed area situ- 
ated in the upper part of the medial aspeet of the thigh just 
below the inguinal ligament (Fig. 10.6). Its bonndaries are 
as follows: 

■ Superiorly: The ingninal ligament 

■ Laterally: The sartorins muscle 

■ Medially: The adductor longus muscle 


Its floor is gutter shaped and formed from lateral to medial 
by the iliopsoas, the peetinens, and the addnetor longus. Its 
roof is formed by the skin and faseiae of the thigh. 

The femoral triangle eontains the terminal part of the 
femoral nerve and its branehes, the femoral sheath, the 
femoral artery and its branehes, the femoral vein and its 
tribntaries, and the deep ingninal lymph nodes. 

Adductor (Subsairtorial) Ganal 

The addnetor eanal is an intermuscular eleft situated on the 
medial aspeet of the middle third of the thigh beneath the 
sartorins muscle (Figs. 10.6 and 10.22). It eommenees 
above at the apex of the femoral triangle and ends below 
at the opening in the addnetor magnus. In eross seetion, it 
is triangnlar, having an anteromedial wall, a posterior wall, 
and a lateral wall. 

■ The anteromedial wall is formed by the sartorins mus- 
ele and faseia. 

■ The posterior wall is formed by the addnetor longus 
and magnus. 

■ The lateral wall is formed by the vastus medialis. 

The adductor eanal eontains the terminal part of the fem- 
oral artery, the femoral vein, the deep lymph vessels, the 
saphenons nerve, the nerve to the vastus medialis, and the 
terminal part of the obtnrator nerve. 
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TABLE 1 


Muscle 


Sartorius 


llíacus 


Psoas 


Pectineus 

Quadriceps 

femoris 

Rectus femoris 


Vastus lateralis 


Vastus medialis 


Vastus 

intermedius 



Muscles of the Anterior Faseial Compartment of the Thigh 



Insertion Nerve Nerve Root^ 

Supply 


Anterior superior iliae 
spine 


Llpper medial 
surface of 
shaft of tibia 


Femoral L2,3 
nerve 


lliae fossa of hip bone 


With psoas into Femoral L2, 3 

lessertroehanter nerve 

of femur 


Transverse proeesses, With iliacus into Lumbar Ll,2, 3 

bodies, and intervertebral lessertroehanter plexus 

dises of the 12th offemur 

thoraeie and five lumbar 
vertebrae 


Superior ramus of pubis 


Llpper end of linea Femoral L2, 3 
aspera of shaft of nerve 
femur 


Aetion 


Flexes, abducts, 
laterally rotates 
thigh at hip 
joint; flexes and 
medially rotates 
leg at knee joint 

Flexes thigh on 
trunk; if thigh is 
fixed, it flexes the 
trunk on the thigh 
as in sitting up 
from lying down 

Flexes thigh on 
trunk; if thigh is 
fixed, it flexes the 
trunk on thigh as 
in sitting up from 
lying down 

Flexes and adducts 
thigh at hip joint 


Straight head: anterior 
inferior iliae spine 
Refleeted head: ilium 
above acetabulum 

Llpper end and shaft of 
femur 


Llpper end and shaft of 
femur 


Anterior and lateral 
surfaces of shaft of 
femur 


Quadricepstendon 
into patella,then 
via ligamentum 
patellae into 
tubercle of tibia 

Quadricepstendon 
into patella,then 
via ligamentum 
patellae into 
tubercle of tibia 

Quadricepstendon 
into patella, then 
via ligamentum 
patellae into 
tubercle of tibia 

Quadricepstendon 
into patella, then 
via ligamentum 
patellae into 
tubercle of tibia 


Femoral L2,3,4 
nerve 


Femoral L2,3,4 
nerve 


Femoral L2,3,4 
nerve 


Femoral L2,3,4 
nerve 


Extension of leg at 
knee joint; flexes 
thigh at hip joint 


Extension of leg at 
knee joint 


Extension of leg 
at knee joint; 
stabilizes patella 


Extension of leg 
at knee joint; 
articularis genus 
retraets synovial 
membrane 


^The predominant nerve root sopply is indieated by boldfaee type. 
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FIGLIRE 10.25 The quadriceps femoris meehanism.The lateral and upvvard pull of the povverful rectus femoris and the vastus 
lateralis muscles on the patella is counteracted by the lovvest horizontal muscular fibers of the vastus medialis and the large 
lateral eondyle of the femur, vvhieh projeets forvvard. 



Quadrìceps Femoris as a Knee Joint Stabilizer 

The quadriceps femoris is a most important extensor muscle for 
the knee joint. Its tone greatly strengthens the joint; therefore, 
this muscle mass Vmust be carefully examined when disease of 
the knee joint is suspected. Both thighs should be examined, and 
the size, eonsisteney, and strength of the quadriceps muscles 
should be tested. Reduction in size caused by muscle atrophy 
ean be tested by measuring the circumference of eaeh thigh a 
fixed distanee above the superior border of the patella. 

The vastus medialis muscle extends farther distally than the 
vastus lateralis. Remember that the vastus medialis is the first 
part of the quadriceps muscle to atrophy in knee joint disease 
and the lastto reeover. 


Rupture of the Rectus Femoris 

The rectus femoris muscle ean rupture in sudden violent exten- 
sion movements of the knee joint. The muscle belly retraets 
proximally, leaving a gap that may be palpable on the anterior 
surface of the thigh. In eomplete rupture of the muscle, surgical 
repair is indieated. 

Rupture of the Lígamentum Patellae 

This ean occur when a sudden flexing foree is applied to the 
knee joint when the quadriceps femoris muscle is aetively 
eontraeting 
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Femoral Sheath 

The femoral sheath (Figs. 10.3, 10.6, 10.21, and 10.24) 
is a downward protrnsion into the thigh of the faseial 
envelope lining the abdominal walls (see page XXX). Its 
anterior wall is eontinnons above with the faseia trans- 
versalis, and its posterior wall with the faseia iliaea. The 
sheath snrronnds the femoral vessels and lymphaties for 
abont 1 in. (2.5 em) below the ingninal ligament. The 
femoral artery, as it enters the thigh beneath the ingni- 
nal ligament, oeenpies the lateral eompartment of the 
sheath. The femoral vein, as it leaves the thigh, lies on its 
medial side and is separated from it by a fibrons septnm 
and oeenpies the intermediate eompartment. The lymph 
vessels, as they leave the thigh, are separated from the vein 
by a fibrons septnm and oeenpy the most medial eom- 
partment (Fig. 10.21). 

The femoral eanal is the small medial eompartment for 
the lymph vessels (Fig. 10.21). It is abont 0.5 in. (1.3 em) 
long, and its npper opening is ealled the femoral ring. The 
femoral septnm, which is a eondensation of extraperitoneal 
tissne, eloses the ring. The femoral eanal eontains fatty 


eonneetive tissne, all the efferent lymph vessels from the 
deep ingninal lymph nodes, and one of the deep ingninal 
lymph nodes. 

The femoral sheath is adherent to the walls of the 
blood vessels and inferiorly blends with the tnniea 
adventitia of these vessels. The part of the femoral 
sheath that forms the medially loeated femoral eanal is 
not adherent to the walls of the small lymph vessels; it is 
this site that forms a potentially weak area in the abdo- 
men. A protrnsion of peritonenm eonld be foreed down 
the femoral eanal, pnshing the femoral septnm before 
it. Such a eondition is known as a femoral hernia and is 
deseribed below. 

The femoral ring (Fig. 10.21) has the following important 
relations: anteriorly, the inguinal ligament; posteriorly, the 
snperior ramus of the pubis; medially, the lacunar liga- 
ment; and laterally, the femoral vein. 

The lower end of the eanal is normally elosed by 
the adherenee of its medial wall to the tunica adventitia of 
the femoral vein. It lies elose to the saphenons opening in 
the deep faseia of the thigh (Fig. 10.3). 
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Femoral Sheath and Femoral Hernia 

The hernial sae deseends throngh the femoral eanal vvithin the 
femoral sheath. 

The femoral sheath is a prolongation dovvnvvard into the 
thigh of the faseial lining of the abdomen. It surrounds the femo- 
ral vessels and lymphatie vessels for about 1 in. (2.5 em) belovv 
the inguinal ligament (see Fig. 10.21). The femoral artery, as it 
entersthe thigh belovvthe inguinal ligament, occupiesthe lateral 
eompartment of the sheath. The femoral vein, vvhieh lies on its 
medial side and is separated from it by a fibrous septum, occu- 
pies the intermediate eompartment. The lymphaties, vvhieh are 
separated from the vein by a fibrous septum, occupy the most 
medial eompartment. 

The femoral eanal, the eompartment for the lymphatie ves- 
sels, occupies the medial part of the sheath. It is about 0.5 in. 
(1.3 em) long, and its upper opening is referred to as the femoral 
ring. The femoral septnm, vvhieh is a eondensation of extraperi- 
toneal tissue, plugs the opening of the femoral ring. 

A femoral hernia is more eommon in vvomen than in men 
(possibly because of their vvider pelvis and femoral eanal). The 
hernial sae passes dovvn the femoral eanal, pushing the femo- 
ral septum before it. On eseaping through the lovver end of the 
femoral eanal, it expands to form a svvelling in the upper part of 
the thigh deep to the deep faseia (see page 143). With further 
expansion, the hernial sae may turn upvvard to eross the anterior 
surface of the inguinal ligament. 

The neek of the sae alvvays lies below and lateral to the 
pnbie tnberele (see page 145). This serves to distinguish it from 
an inguinal hernia, which lies above and medial to the pubic 
tubercle. The neek of the sae is narrow and lies at the femoral 


ring. The ring is related anteriorly to the inguinal ligament, pos- 
teriorly to the peetineal ligament and the superior ramus of the 
pubis, medially to the sharp free edge of the lacunar ligament, 
and laterally to the femoral vein. Because of these anatomie 
structures, the neek of the sae is unable to expand. Onee an 
abdominal viscus has passed through the neek into the body of 
the sae, it may be difficultto push it up and return itto the abdom- 
inal eavity (irreducible bernia). Furthermore, after the patient 
strains or coughs, a pieee of bowel may be foreed through the 
neek, and its blood vessels may be eompressed by the femoral 
ring, seriously impairing its blood supply (strangulated bernia). 
Afemoral hernia is a dangerous eondition and should always be 
treated surgically. 

When eonsidering the differential diagnosis of a femoral 
hernia, it is important to eonsider diseases that may involve 
other anatomie structures elose to the inguinal ligament. For 
example: 

■ Ingninal eanal: The swelling of an inguinal hernia lies above 
the medial end of the inguinal ligament. Should the hernial 
sae emerge through the superficial inguinal ring to start its 
deseent into the scrotum, the swelling will lie above and me- 
dial to the pubic tubercle. The sae of a femoral hernia lies 
below and lateral to the pubic tubercle. 

■ Snperfieial ingninal lympb nodes: Usually, more than one 
lymph node is enlarged. In patients with inflammation of the 
nodes (lympbadenitis), carefully examine the entire area of 
the body that drains its lymph into these nodes. A small, un- 
notieed skin abrasion may be found. Neverforgetthe mucous 
membrane ofthe lower half ofthe anal eanal—itmay have an 
undiscovered eareinoma. 


(continued) 
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■ Great saphenoas vein: A loealized dildtation of the terminal 
part of the great saphenoos vein, a saphenons varix, ean 
cause confusion, espeeially because a hernia and a varix in- 
erease in size when the patient is asked to cough. (Elevated 
intra-abdominal pressure drives the blood downward.) The 
presenee of varieose veins elsewhere in the leg should help 
in the diagnosis. 

■ Psoassheath:Tuberculous infeetion of a lumbarvertebra ean 
result in the extravasation of pus down the psoas sheath into 

\ ___ 


the thigh. The presenee of a swelling above and below the 
inguinal ligament, togetherwith elinieal signs and symptoms 
referred to the vertebral column, should make the diagnosis 
obvious. 

■ Femoral artery: An expansile swelling lying along the course 
of the femoral artery that fluctuates in time with the pulse 
rate should make the diagnosis of aneorysm of the femoral 
artery eertain. 


Blood Supply of the Anterior Faseial 
eompartment of theThigh 

Femoral Artery 

The femoral artery enters the thigh from behind the ingni- 
nal ligament, as a eontinnation of the external iliae artery 
(Figs. 10.6, 10.23, and 10.26). Here, it lies midway between 
the anterior snperior iliae spine and the symphysis pnbis. 
The femoral artery is the main arterial snpply to the lower 
limb. It deseends almost vertieally toward the addnetor 
tnberele of the femnr and ends at the opening in the addne- 
tor magnns mnsele by entering the popliteal spaee as the 
popliteal artery (Fig. 10.24). 

Relations 

■ Anteriorly: In the npper part of its eonrse, it is snperfieial 
and is eovered by skin and faseia. In the lower part of its 
eonrse, it passes behind the sartorins mnsele (Fig. 10.6). 

■ Posteriorly: The artery lies on the psoas, which separates 
it from the hip joint, the peetinens, and the addnetor 
longns (Fig. 10.6). The femoral vein intervenes between 
the artery and the addnetor longns. 

■ Medially: It is related to the femoral vein in the npper 
part of its eonrse (Figs. 10.6 and 10.23). 

■ Laterally: The femoral nerve and its branehes 
(Fig. 10.6). 

Branehes 

■ The snperfieial circumflex iliae artery is a small braneh 
that runs up to the region of the anterior snperior iliae 
spine (Fig. 10.3). 

■ The superficial epigastrie artery is a small braneh that 
erosses the ingninal ligament and runs to the region of 
the umbilicus (Fig. 10.3). 

■ The superficial external pudendal artery (Fig. 10.3) is a 
small braneh that runs medially to supply the skin of the 
serotnm (or labium majus). 

■ The deep external pndendal artery (Fig. 10.6) runs 
medially and snpplies the skin of the serotnm (or labium 
maj us). 

■ The profnnda femoris artery is a large and important 
braneh that arises from the lateral side of the femoral 
artery about 1.5 in. (4 em) below the ingninal ligament 
(Figs. 10.6, 10.23, and 10.26). It passes medially behind 
the femoral vessels and enters the medial faseial eom- 
partment of the thigh (Figs. 10.23, 10.24, and 10.27). 
It ends by beeoming the fourth perforating artery. At 
its origin, it gives off the medial and lateral femoral 


circumflex arteries, and during its course it gives off 
threeperforatingarteries (Fig. 10.27). 

■ The deseending genienlar artery is a small braneh 
that arises from the femoral artery near its termination 
(Fig. 10.24). It assists in snpplying the knee joint. 
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FIGURE 10.27 Obturator externus muscle (A) and vertieal seetion of the medial eompartment of the thigh (B). Note the 
courses taken by the obturator nerve and its divisions and the profunda femoris artery and its branehes. Note also the anas- 
tomosis betvveen the perforating arteries and the medial femoral circumflex artery. 



Femoral Artery Gatheterization 

A long, fine eatheter ean be inserted into the femoral artery 
as it deseends through the femoral triangle. The eatheter is 
guided under fluoroscopic view along the external and eom- 
mon iliae arteries into the aorta. The eatheter ean then be 
passed into the inferior mesenterie, superior mesenterie, 
eeliae, or renal arteries. Gontrast medium ean then be injeeted 
into the artery under examination and a permanent reeord 
obtained by taking a radiograph. Pressure reeords ean also be 
obtained by guiding the eatheter through the aortie valve into 
the left ventriele. 

V___ J 

Femoral Vein 

The femoral vein enters the thigh by passing throngh the 
opening in the addnetor magnns as a eontinnation of the 
popliteal vein (Figs. 10.23 and 10.24). It aseends throngh 
the thigh, lying at first on the lateral side of the artery, then 


Femoral Veìn Catheterìzation 

Femoral vein eatheterization is used when rapid aeeess to a 
large vein is needed. The femoral vein has a eonstant rela- 
tionship to the medial side of the femoral artery just below the 
inguinal ligament and is easily cannulated. However, because 
of the high ineidenee of thrombosis with the possibility of fatal 
pulmonary embolism, the eatheter should be removed onee 
the patient is stabilized. 

Anatomy of the Proeednre 

1. The skin of the thigh below the inguinal ligament is sup- 
plied by the genitofemoral nerve; this nerve is bloeked with 
a loeal anesthetie. 

2. The femoral pulse is palpated midway between the ante- 
rior superior iliae spine and the symphysis pubis, and the 
femoral vein lies immediately medial to it. 

3. At a site about two fingerbreadths below the inguinal liga- 
ment, the needle is inserted into the femoral vein. 

V_y 
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posterior to it, and finally on its medial side (Fig. 10.6). 
It leaves the thigh in the intermediate eompartment of the 
femoral sheath and passes behind the ingninal ligament to 
beeome the external iliae vein. 

Tributaries The tribntaries of the femoral vein are the 
great saphenous vein and veins that eorrespond to the 
branehes of the femoral artery (Fig. 10.3). The snperfieial 
circumfiex iliae vein, the superficial epigastrie vein, and the 
external pndendal veins drain into the great saphenons vein. 

Lymph Nodes of theAnterior Faseial 
eompartment of theThigh 

The deep ingninal lymph nodes are variable in number, but 
there are eommonly three. They lie along the medial side of 
the terminal part of the femoral vein, and the most supe- 
rior is usually loeated in the femoral eanal (Fig. 10.21). They 
reeeive all the lymph from the snperfieial ingninal nodes via 
lymph vessels that pass throngh the eribriform faseia of the 
saphenons opening. They also reeeive lymph from the deep 
structures of the lower limb that have aseended in lymph 
vessels alongside the arteries, some having passed throngh 
the popliteal nodes. The efferent lymph vessels from the deep 
ingninal nodes aseend into the abdominal eavity throngh 
the femoral eanal and drain into the external iliae nodes. 

Nerve Supply of the Anterior Faseial 
eompartment of theThigh 


femoral nerve 
L2 L3 L4 


abdomen 
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of 
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femoris 

knee joint 

femoral artery 
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leg 
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skin on medial 
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as far as ball 
of big toe 
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pectineus 
hip joint 
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intermediate cutaneous 
nerve of thigh 

medial cutaneous 
nerve of thigh 


FIGURE 10.28 Summary of the main branehes of the femoral 


nerve. 


Femoral Nerve 

The femoral nerve is the largest braneh of the lumbar 
plexus (L2, 3, and 4). It emerges from the lateral border of 
the psoas muscle within the abdomen (see page 222) and 
passes downward in the interval between the psoas and 
iliaens. It lies behind the faseia iliaea and enters the thigh 
lateral to the femoral artery and the femoral sheath, behind 
the inguinal ligament (Figs. 10.6, 10.21, and 10.23). About 
1.5 in. (4 em) below the ingninal ligament, it terminates by 
dividing into anterior and posterior divisions. The femoral 
nerve snpplies all the mnseles of the anterior eompartment 
of the thigh (Fig. 10.6). Note that the femoral nerve does 
not enter the thigh within the femoral sheath. 

Branehes 

Anterior Division The anterior division (Fig. 10.28) gives 
off two cutaneous and two muscular branehes. The cuta- 
neous branehes are the medial entaneons nerve of the 
thigh and the intermediate entaneons nerves that supply 
the skin of the medial and anterior snrfaees of the thigh, 
respeetively (Figs. 10.2 and 10.6). The muscular branehes 
supply the sartorius and the peetinens. 

Posterior Division The posterior division (Fig. 10.28) gives 
off one cutaneous braneh, the saphenons nerve, and mus- 
cular branehes to the quadriceps muscle. The saphenons 
nerve runs downward and medially and erosses the femo- 
ral artery from its lateral to its medial side (Fig. 10.6). It 
emerges on the medial side of the knee between the ten- 
dons of sartorins and graeilis (Fig. 10.2). It then runs down 
the medial side of the leg in eompany with the great saphe- 
nous vein. It passes in front of the medial malleolns and 
along the medial border of the foot, where it terminates in 
the region of the ball of the big toe. 


The mnsenlar braneh of the rectus femoris also supplies 
the hip joint; the branehes to the three vasti mnseles also 
supply the knee joint. 

Gontents of the Medial Faseial 
eompartment of the Thigh 

■ Mnseles: Graeilis, addnetor longus, adductor brevis, 
adductor magnus, and obtnrator externus 

■ Blood snpply: Profimda femoris artery and obtnrator 
artery 

■ Nerve snpply: Obtnrator nerve 

Muscles of the Medial Faseial Compartment 
of theThigh 

The mnseles of the medial faseial eompartment are seen in 
Fignres 10.22, 10.23, 10.24, and 10.27 and are deseribed in 
Table 10.3. 

Note the following: 

■ The addnetor magnus (Figs. 10.24, 10.27, and 10.29) is 
a large, triangnlar muscle eonsisting of addnetor and 
hamstring portions. The adductor hiatus is a gap in 
the attaehment of this muscle to the femur, which per- 
mits the femoral vessels to pass from the adductor eanal 
downward into the popliteal spaee. 

Blood Supply of the Medial Faseial 
eompartment of theThigh 

Profunda Femoris Artery 

The profimda femoris is a large artery that arises from the 
lateral side of the femoral artery in the femoral triangle. 
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TABLE 10.3 

É Muscles of the Medìal Faseial eompartment of the Thigh 


Muscle 

Origin 

Insertion 

Nerve Snpply 

Nerve RooF 

Aetion 

Graeilis 

Inferior ramus of pubis, 

Llpper part of shaft 

0bturator 

L2,3 

Adducts thigh at hip 


ramus of ischium 

of tibia on medial 

nerve 


joint; flexes leg at 



surface 



knee joint 

Adductor longus 

Body of pubis, medial to 

Posterior surface 

0bturator 

L2,3,4 

Adducts thigh at hip 


pubic tubercle 

of shaft of femur 

nerve 


joint and assists in 



(linea aspera) 



lateral rotation 

Adductor brevis 

Inferior ramus of pubis 

Posterior surface 

0bturator 

L2,3,4 

Adducts thigh at hip 



of shaft of femur 

nerve 


joint and assists in 



(linea aspera) 



lateral rotation 

Adductor magnus 

Inferior ramus of pubis. 

Posterior surface 

Adductor portion: 

L2,3,4 

Adducts thigh at hip 


ramus of ischium. 

of shaft of femur. 

obturator nerve 


joint and assists 


isehial tuberosity 

adductortubercle 

Hamstring portion: 


in lateral rotation; 



of femur 

seiatie nerve 


hamstring portion 
extends thigh at hip 
joint 

0bturator externus 

0uter surface of obturator 

Medial surface of 

0bturator nerve 

L3,4 

Laterally rotates thigh 


membrane and pubic 
and isehial rami 

greater troehanter 



at hip joint 


The predominant nerve root sopply is indieated by boldfaee type. 



^gluteus 


maxinn 


gluteus medius 


plantaris 


head of fibula 
popliteus 


tibial nerve 


gluteus minimus 

piriformis 

gemellus superior 

bturator internus 
emellus inferior 

greater troehanter 

quadratus femoris 
adductor magnus 


gluteus maximus 
bieeps femoris 

linea aspera 
seiatie nerve 


hort head 
long head 


n-bieeps 

femoris 


eommon peroneal 
nerve 


adductor 

(hamstring part) 

nerve to hamstrings 
semitendinosus 


semimembranosus 


popliteal vein 
popliteal artery 

opening in 
adductor magn 

genicular artery 
adductor tubercle 

semimembranosus 


FIGURE 10.29 Deep structures in the posterior aspeet of the 
right thigh. 


about 1.5 in. (4 em) below the inguinal ligament (Figs. 10.6, 
10.24, and 10.26). It deseends in the interval between the 
addnetor longus and addnetor brevis and then lies on the 
addnetor magnus, where it ends as the fourth perforating 
artery (Fig. 10.27). 

Branehes 

■ Medial femoral circumflex artery: This passes baek- 
ward between the mnseles that form the floor of the 
femoral triangle and gives off muscular branehes in the 
medial faseial eompartment of the thigh (Fig. 10.27). It 
takes part in the formation of the erneiate anastomosis. 

■ Lateral femoral circumflex artery: This passes later- 
ally between the terminal branehes of the femoral nerve 
(Fig. 10.6). It breaks up into branehes that supply the 
muscles of the region and takes part in the formation of 
the erneiate anastomosis. 

■ Four perforating arteries: Three of these arise as 
branehes of the profnnda femoris artery; the fourth 
perforating artery is the terminal part of the profnnda 
artery (Fig. 10.27). The perforating arteries run baek- 
ward, piereing the varions muscle layers as they go. They 
supply the muscles and terminate by anastomosing with 
one another and with the inferior glnteal artery and 
the circumf[ex femoral arteries above and the muscular 
branehes of the popliteal artery below. 

Profunda FennorisVein 

The profimda femoris vein reeeives tribntaries that eorrespond 
to the branehes of the artery. It drains into the femoral vein. 

Obturator Artery 

The obtnrator artery is a braneh of the internal iliae artery 
(see page 256). It passes forward on the lateral wall of 
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the pelvis and aeeompanies the obtnrator nerve throngh 
the obtnrator eanal (i.e., the npper part of the obtnra- 
tor foramen) (Fig. 10.27). On entering the medial faseial 
eompartment of the thigh, it divides into medial and lat- 
eral branehes, which pass aronnd the margin of the onter 
snrfaee of the obtnrator membrane. It gives off mnsenlar 
branehes and an artienlar braneh to the hip joint. 

Obturator Vein 

The obtnrator vein reeeives tribntaries that eorrespond to 
the branehes of the artery. It drains into the internal iliae 
vein. 

Nerve Supply of the Medial Faseial 
eompartment of theThigh 

Obturator Nerve 

The obtnrator nerve arises from the Inmbar plexus (L2, 3, 
and 4) and emerges on the medial border of the psoas mus- 
ele within the abdomen (see page 222). It runs forward on 
the lateral wall of the pelvis to reaeh the upper part of the 
obtmator foramen (see Fig. 6.12), where it divides into 
anterior and posterior divisions (Fig. 10.27). 

Branehes 

■ The anterior division passes downward in front of the 
obtnrator externus and the addnetor brevis and behind 
the peetinens and addnetor longus (Figs. 10.27 and 
10.30). It gives muscular branehes to the graeilis, adduc- 
tor brevis, and addnetor longus, and oeeasionally to the 
peetinens. It gives artienlar branehes to the hip joint and 
terminates as a small nerve that snpplies the femoral 
artery. It eontribntes a variable braneh to the snbsarto- 
rial plexus and snpplies the skin on the medial side of 
the thigh. 

■ The posterior division pierees the obtnrator externus 
and passes downward behind the addnetor brevis and in 
front of the addnetor magnus (Fig. 10.27). It terminates 
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FIGLIRE 10.30 Summary of the main branehes of the obtura- 
tor nerve. 


by deseending throngh the opening in the addnetor 
magnus to supply the knee joint. It gives muscular 
branehes to the obtnrator externus, to the adductor part 
of the adductor magnus, and oeeasionally to the adduc- 
tor brevis. 



e L I N 


e A L 


N 0 T E S 


Adductor Muscles and Gerebral Palsy 

In patients with eerebral palsy who have marked spastieity of 
the adductor group of muscles, it is eommon praetiee to per- 
form a tenotomy of the adductor longus tendon and to divide 
the anterior division of the obturator nerve. In addition, in some 
severe eases, the posterior division of the obturator nerve is 
crushed. This operation overeomes the spasm of the adductor 
group of muscles and permits slow reeovery of the muscles 
supplied by the posterior division of the obturator nerve. 




The Baek of the Thigh 
Skin 

Cutaneous Nerves 

The posterior cutaneous nerve of the thigh, a braneh of 
the saeral plexus, leaves the gluteal region by emerging 
from beneath the lower border of the gluteus maximus 
muscle (Fig. 10.1). It deseends on the baek of the thigh, 
and in the popliteal fossa it pierees the deep faseia and 
snpplies the skin. It gives off numerous branehes to the 
skin on the baek of the thigh and the upper part of the leg 
(Fig. 10.1). 

Superficial Veins 

Many small veins curve around the medial and lateral 
aspeets of the thigh and nltimately drain into the great 
saphenons vein (Fig. 10.19). Snperfieial veins from the 
lower part of the baek of the thigh join the small saphenons 
vein in the popliteal fossa. 

Lymph Vessels 

Lymph from the skin and snperfieial faseia on the baek 
of the thigh drains upward and forward into the vertieal 
group of superficial inguinal lymph nodes (Fig. 10.4). 


Gontents of the Posterior Faseial 
eompartment of the Thigh 

■ Muscles: Bieeps femoris, semitendinosns, semimembra- 
nosus, and a small part of the addnetor magnus (ham- 
string mnseles) 

■ Blood supply: Branehes of the profimda femoris artery 

■ Nerve supply: Seiatie nerve 

The mnseles of the posterior faseial eompartment are seen 
in Figure 10.31 and are deseribed in Table 10.4. 
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FIGURE 10.31 Structures in the posterior aspeet of the right 
thigh. 


Note the following: 

■ The bieeps femoris mnsele reeeives its nerve snpply from 
the seiatie nerve, the long head from the tibial portion, 
and the short head from the eommon peroneal portion. 

■ The hamstring part of the addnetor magnns mnsele 
reeeives its nerve snpply from the tibial portion of the 
seiatie nerve and the addnetor part from the obtnrator 
nerve. 

■ The semimembranosns insertion sends a fibrons expan- 
sion upward and laterally, which reinforees the capsule 
on the baek of the knee joint; the expansion is ealled the 

oblique popliteal ligament. 

Blood Supply of the Posterior Compartment 
of theThigh 

The four perforating branehes of the profimda femoris 
artery provide a rieh blood supply to this eompartment 
(Fig. 10.27). The profimda femoris vein drains the greater 
part of the blood from the eompartment. 

Nerve Supply of the Posterior Compartment 
of theThigh 

Seiatie Nerve 

The seiatie nerve, a braneh of the saeral plexus (L4 and 5; 
Sl, 2, and 3), leaves the glnteal region as it deseends in the 
midline of the thigh (Fig. 10.31). It is overlapped poste- 
riorly by the adjaeent margins of the bieeps femoris and 
semimembranosns mnseles. It lies on the posterior aspeet 
of the addnetor magnus muscle. In the lower third of the 
thigh, it ends by dividing into the tibial and eommon 


TABLE 10. 4 I 

Muscles of the Posterior Faseial Compartment of the Thigh 

Muscle 

Origin 

Insertion 

Nerve Supply 

Nerve Root^ 

Aetion 

Bieeps femoris 

Long head: isehial 
tuberosity 

Head of fibula 

Long head: tibial 
portion of 
seiatie nerve 

L5; S1, 2 

Flexes and laterally rotates leg 
at knee joint; long head also 
extends thigh at hip joint 


Short head: linea 
aspera, lateral 
supracondylar 
ridge of shaft of 
femur 


Short head: 

eommon 
peroneal portion 
of seiatie nerve 



Semitendinosus 

isehial tuberosity 

Llpper part 
of medial 
surface of 
shaft of tibia 

Tibial portion of 
seiatie nerve 

L5; S1, 2 

Flexes and medially rotates leg 
at knee joint; extends thigh at 
hip joint 

Semimembranosus 

isehial tuberosity 

Medial eondyle 
of tibia 

Tibial portion of 
seiatie nerve 

L5; S1, 2 

Flexes and medially rotates leg 
at knee joint; extends thigh at 
hip joint 

Adductor magnus 
(hamstring 
portion) 

isehial tuberosity 

Adductor 
tubercle of 
femur 

Tibial portion of 
seiatie nerve 

L2,3,4 

Extends thigh at hip joint 


®The predominant nerve root sopply is indieated by boldfaee type. 
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FIGURE 10.32 Anterior aspeet (A) and posterior aspeet (B) of the right hip joint. 


peroneal nerves (Figs. 10.29 and 10.31). Oeeasionally, the 
seiatie nerve divides into its two terminal parts at a higher 
level—in the npper part of the thigh, the glnteal region, or 
even inside the pelvis. 

Branehes 

■ The tibial nerve, a terminal braneh of the seiatie nerve 
(Figs. 10.17,10.29, and 10.31), enters the popliteal fossa. 
Its fnrther eonrse is deseribed on page 479. 

■ The eommon peroneal nerve, a terminal braneh of the 
seiatie nerve (Figs. 10.29 and 10.31), enters the popliteal 
fossa on the lateral side of the tibial nerve. Its fnrther 
eonrse is deseribed on page 479. 

■ Mnsenlar branehes to the long head of the bieeps femo- 
ris, the semitendinosns, the semimembranosns, and the 
hamstring part of the addnetor magnns. These branehes 
arise from the tibial eomponent of the seiatie nerve and 
run medially to supply the muscles (Figs. 10.29 and 10.31). 

Hip Joint 

Artienlation 

The hip joint is the artienlation between the hemispherieal 
head of the femur and the cup-shaped acetabulum of the 
hip bone (Fig. 10.18). The artienlar snrfaee of the aeetabn- 
lum is horseshoe shaped and is defieient inferiorly at the 
aeetabnlar noteh. The eavity of the acetabulum is deepened 
by the presenee of a fibroeartilaginons rim ealled the aee- 
tabnlar labrnm. The labrnm bridges aeross the aeetabnlar 
noteh and is here ealled the transverse aeetabnlar ligament 
(Fig. 10.18). 

The artienlar snrfaees are eovered with hyaline eartilage. 

Type 

The hip joint is a synovial ball-and-soeket joint. 

Gapsnle 

The eapsnle eneloses the joint and is attaehed to the aeetab- 
ular labrum medially (Fig. 10.18). Laterally, it is attaehed 


to the intertroehanterie line of the femur in front and 
halfsvay along the posterior aspeet of the neek of the bone 
behind. At its attaehment to the intertroehanterie line in 
front, some of its fibers, aeeompanied by blood vessels, are 
refieeted upward along the neek as bands ealled retinacula. 
These blood vessels supply the head and neek of the femur. 

Ligaments 

The iliofemoral ligament is a strong, inverted Y-shaped 
ligament (Fig. 10.32). Its base is attaehed to the anterior 
inferior iliae spine above; below, the two limbs of the Y are 
attaehed to the upper and lower parts of the intertroehan- 
terie line of the femur. This strong ligament prevents over- 
extension during standing. 

The pubofemoral ligament is triangnlar (Fig. 10.32). 
The base of the ligament is attaehed to the snperior ramus 
of the pubis, and the apex is attaehed below to the lower 
part of the intertroehanterie line. This ligament limits 
extension and abdnetion. 

The isehiofemoral ligament is spiral shaped and is 
attaehed to the body of the isehinm near the aeetabnlar 
margin (Fig. 10.32). The fibers pass upward and laterally 
and are attaehed to the greater troehanter. This ligament 
limits extension. 

The transverse aeetabnlar ligament is formed by the 
aeetabnlar labrnm as it bridges the aeetabnlar noteh (Fig. 
10.18). The ligament eonverts the noteh into a tunnel 
throngh which the blood vessels and nerves enter the joint. 

The ligament of the head of the femur is fiat and tri- 
angnlar (Fig. 10.18). It is attaehed by its apex to the pit 
on the head of the femur (fovea eapitis) and by its base to 
the transverse ligament and the margins of the aeetabnlar 
noteh. It lies within the joint and is ensheathed by synovial 
membrane (Fig. 10.18). 

Synovial Membrane 

The synovial membrane lines the eapsnle and is 
attaehed to the margins of the artienlar snrfaees (Fig. 10.18). 
It eovers the portion of the neek of the femur that lies within 
the joint eapsnle. It ensheathes the ligament of the head of 
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the femur and eovers the pad of fat eontained in the aee- 
tabular fossa. A pouch of synovial membrane frequently 
protrndes throngh a gap in the anterior wall of the eapsnle, 
between the pnbofemoral and iliofemoral ligaments, and 
forms the psoas bursa beneath the psoas tendon (Figs. 10.32 
and 10.33). 

Nerve Supply 

Femoral, obtnrator, and seiatie nerves and the nerve to the 
quadratus femoris supply the area. 

Movements 

The hip joint has a wide range of movements. The strength 
of the joint depends largely on the shape of the bones tak- 


ing part in the artienlation and on the strong ligaments. 
When the knee is flexed, f[exion is limited by the anterior 
snrfaee of the thigh eoming into eontaet with the ante- 
rior abdominal wall. When the knee is extended, f[exion is 
limited by the tension of the hamstring group of muscles. 
Extension, which is the movement of the f[exed thigh baek- 
ward to the anatomie position, is limited by the tension of 
the iliofemoral, pnbofemoral, and isehiofemoral ligaments. 
Abdnetion is limited by the tension of the pnbofemoral lig- 
ament, and addnetion is limited by eontaet with the oppo- 
site limb and by the tension in the ligament of the head of 
the femur. Lateral rotation is limited by the tension in the 
iliofemoral and pnbofemoral ligaments, and medial rota- 
tion is limited by the isehiofemoral ligament. The follow- 
ing movements take plaee: 


ligament of femoral head 


synovial pad of fat 


anterior superior iliae spine 


gluteus medius 


minimus 


maximus 


piriformis 


gemellus superior 


obturator internus 


gemellus inferior 


seiatie nerve 


quadratus femoris 


posterior 



tensor faseiae 
latae 


hamstrings 


ischium 


root of scrotum 


lateral cutaneous 
nerve of thigh 

rectus femoris 
sartorius 


bursa 


iliopsoas 


femoral nerve 


femoral artery 
femoral vein 


pectineus 


medial circumflex 
femoral artery 


obturator nerve 
anterior division 

posterior division 


adductor longus 
adductor brevis 



graeilis 


anterior 


FIGURE 10.33 Structures surrounding the right hip joint. 
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■ Flexion is performed by the iliopsoas, rectus femoris, 
and sartorius and also by the addnetor mnseles. 

■ Extension (a backward movement of the f[exed thigh) 
is performed by the gluteus maximus and the hamstring 
mnseles. 

■ Abdnetion is performed by the gluteus medius and 
minimns, assisted by the sartorins, tensor faseiae latae, 
and piriformis. 

■ Addnetion is performed by the addnetor longus and brevis 
and the addnetor fibers of the addnetor magnus. These 
muscles are assisted by the pectineus and the graeilis. 

■ Lateral rotation is performed by the piriformis, obtura- 
tor internus and externus, superior and inferior gemelli, 
and quadratus femoris, assisted by the gluteus maximus. 

■ Medial rotation is performed by the anterior fibers of 
the gluteus medius and gluteus minimus and the tensor 
faseiae latae. 


■ Girenmdnetion is a eombination of the previons 
movements. 

The extensor group of muscles is more powerful than the 

fiexor group, and the lateral rotators are more powerful 

than the medial rotators. 

Important Relations 

■ Anteriorly: Iliopsoas, peetinens, and rectus femoris 
muscles. The iliopsoas and peetinens separate the femo- 
ral vessels and nerve from the joint (Fig. 10.33). 

■ Posteriorly: The obtnrator internns, the gemelli, and 
the quadratus femoris muscles separate the joint from 
the seiatie nerve (Fig. 10.32). 

■ Snperiorly: Piriformis and gluteus minimus (Fig. 10.33). 

■ Inferiorly: Obtmator externus tendon (Fig. 10.33). 
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Referred Paìn from the Hìp Joìnt 

The femoral nerve not only sopplies the hip joint but, via the 
intermediate and medial cutaneous nerves of thethigh, also sup- 
plies the skin of the front and medial sides of the thigh. It is not 
surprising, therefore, for pain originating in the hip joint to be 
referred to the front and medial side of the thigh. The posterior 
division of the obturator nerve supplies both the hip and knee 
joints. This would explain why hip joint disease sometimes gives 
rise to pain in the knee joint. 

eongenìtal Dìsloeation of the Hip 

The stability of the hip joint depends on the ball-and-soeket 
arrangement of the articular surfaces and the strong liga- 
ments. In eongenital disloeation of the hip (see page 512), the 
upper lip of the acetabulum fails to develop adequately, and 
the head of the femur, having no stable platform under which 
it ean lodge, rides up out of the acetabulum onto the gluteal 
surface of the ilium. 


Tranmatie Disloeation of the Hip 

Traumatic disloeation of the hip is rare because of its strength; it 
is usually caused by motor vehiele aeeidents. However, should it 
occur, it usually does so when the joint is flexed and adducted. 
The head of the femur is displaeed posteriorly out of the aee- 
tabulum, and it eomes to rest on the gluteal surface of the ilium 
(posterior disloeation). The elose relation of the seiatie nerve to 
the posterior surface of the joint makes it prone to injury in pos- 
terior disloeations. 


Hìp Joìnt Stabìlìty and Trendelenbnrg's Sign 

The stability of the hip joint when a person stands on one leg with 
the foot of the opposite leg raised above the ground depends on 
three faetors: 


The gluteus medius and minimus must be functioning 
normally. 





The head of the femur must be loeated normally within the 
acetabulum. 

The neek of the femur must be intaet and must have a normal 
angle with the shaft of the femur. 

If any one of these faetors is defeetive, then the pelvis will sink 
downward on the opposite, unsupported side. The patient is then 
said to exhibit a positive Trendelenburg's sign (Fig. 10.34). 

Normally, when walking, a person alternately eontraets the 
gluteus medius and minimus, first on one side and then on the 
other. By this means, he or she is able to raise the pelvis first 
on one side and then on the other, allowing the leg to be flexed 
at the hip joint and moved forward—that is, the leg is raised 
elear of the ground before it is thrust forward in taking the 
forward step. A patient with a right-sided eongenital disloea- 
tion of the hip, when asked to stand on the right leg and raise 
the opposite leg elear off the ground, will exhibit a positive 
Trendelenburg's sign, and the unsupported side of the pelvis 
will sink belowthe horizontal. If the patient is asked to walk, he 
or she will show the eharaeteristie "dipping" gait. In patients 
with bilateral eongenital disloeation of the hip, the gait is typi- 
eally "waddling" in nature. 

Artbrìtìs of tbe Hìp Joìnt 

A patient with an inflamed hip joint will plaee the femur in the 
position that gives minimum diseomfort—that is, the position in 
which the joint eavity has the greatest eapaeity to eontain the 
inereased amount of synovial fluid seereted. The hip joint is par- 
tially flexed, abducted, and externally rotated. 

Osteoartbritis, the most eommon disease of the hip joint in 
the adult, causes pain, stiffness, and deformity. The pain may be 
in the hip joint itself or referred to the knee (the obturator nerve 
supplies both joints). The stiffness is caused by the pain and 
reflex spasm of the surrounding muscles. The deformity is flex- 
ion, adduction, and external rotation and is produced initially by 
muscle spasm and later by muscle contracture. 
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normal positive Trendelenburg's sign 

FIGURE 10.34 Trendelenburg's test. 


Bones of the Leg 

The leg is the part of the lower limb between the knee joint 
and the ankle joint. 

Patella 

The patella (Fig. 10.35) is the largest sesamoid bone 
(i.e., a bone that develops within the tendon of the 


quadriceps femoris muscle in front of the knee joint). It is 
triangnlar, and its apex lies inferiorly; the apex is eonneeted 
to the tnberosity of the tibia by the ligamentnm patellae. 
The posterior snrfaee artienlates with the eondyles of the 
femur. The patella is situated in an exposed position in 
front of the knee joint and ean easily be palpated throngh 
the skin. It is separated from the skin by an important sub- 
cutaneous bursa (Fig. 10.36). 

The upper, lateral, and medial margins give attaehment 
to the different parts of the quadriceps femoris muscle. It is 
prevented from being displaeed laterally during the aetion 
of the quadriceps muscle by the lower horizontal fibers of 
the vastus medialis and by the large size of the lateral eon- 
dyle of the femur. 

Tibia 

The tibia is the large weight-bearing medial bone of the 
leg (Figs. 10.35 and 10.37). It artienlates with the eondyles 
of the femur and the head of the fibula above and with 
the talus and the distal end of the fibula below. It has an 
expanded upper end, a smaller lower end, and a shaft. 

At the upper end are the lateral and medial eondyles 
(sometimes ealled lateral and medial tibial plateans) , which 
artienlate with the lateral and medial eondyles of the femur 
and the lateral and medial menisei intervening. Separat- 
ing the upper articular surfaces of the tibial eondyles are 
anterior and posterior intereondylar areas; lying between 
these areas is the intereondylar eminenee (Fig. 10.35). 
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intereondylar eminenee 
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FIGURE 10.35 Muscles and ligaments attaehed to the anterior surfaces of the right tibia and fibula. Attaehments to the patella 
are also shovvn. 
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FIGURE 10.36 A.The right knee joint as seen from the lateral aspeet. B.The anterior aspeet, with the joint flexed. C, D.The 
posterior aspeet. 


The lateral eondyle possesses on its lateral aspeet a small 
circular articular faeet for the head of the fibula. The 
medial eondyle has on its posterior aspeet the insertion of 
the semimembranosns mnsele (Fig. 10.37). 

The shaft of the tibia is triangnlar in eross seetion, pre- 
senting three borders and three snrfaees. Its anterior and 
medial borders, with the medial snrfaee between them, are 
subcutaneous. The anterior border is prominent and forms 
the shin. At the jnnetion of the anterior border with the 
upper end of the tibia is the tuberosity, which reeeives the 
attaehment of the ligamentnm patellae. The anterior bor- 
der beeomes ronnded below, where it beeomes continuous 
with the medial malleolus. The lateral or interosseous bor- 
der gives attaehment to the interosseons membrane. 

The posterior snrfaee of the shaft shows an oblique line, 
the soleal line (Fig. 10.37), for the attaehment of the soleus 
muscle. 

The lower end of the tibia is slightly expanded and on 
its inferior aspeet shows a saddle-shaped artienlar snrfaee 
for the talus. The lower end is prolonged downward medi- 
ally to form the medial malleolus. The lateral snrfaee of the 
medial malleolns artienlates with the talus. The lower end 
of the tibia shows a wide, rough depression on its lateral 
snrfaee for artienlation with the fibula. 


The important mnseles and ligaments attaehed to the 
tibia are shown in Fignres 10.35 and 10.37. 

Fibula 

The fibula is the slender lateral bone of the leg (Figs. 10.35 
and 10.37). It takes no part in the artienlation at the knee 
joint, but below it forms the lateral malleolus of the ankle 
joint. It takes no part in the transmission of body weight, 
but it provides attaehment for mnseles. The fibula has an 
expanded upper end, a shaft, and a lower end. 

The upper end, or head, is surmounted by a styloid 
proeess. It possesses an articular surface for artienlation 
with the lateral eondyle of the tibia. 

The shaft of the fibula is long and slender. Typieally, it 
has four borders and four surfaces. The medial or interosse- 
ous border gives attaehment to the interosseons membrane. 

The lower end of the fibula forms the triangnlar lateral 
malleolns, which is subcutaneous. On the medial snrfaee of 
the lateral malleolns is a triangnlar articular faeet for artie- 
nlation with the lateral aspeet of the talus. Below and behind 
the artienlar faeet is a depression ealled the malleolar fossa. 

The important mnseles and ligaments attaehed to the 
fibula are shown in Fignres 10.35 and 10.37. 
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FIGURE 10.37 Muscles and ligaments attaehed to the poste- 
rior surfaces of the right tibia and the fibula. 



Patellar Dìsloeatìons 

The patella is a sesamoid bone lying vvithin the quadriceps 
tendon. The importanee of the lovver horizontal fibers of the 
vastus medialis and the large size of the lateral eondyle of the 
femur in preventing lateral displaeement of the patella has 
been emphasized. Gongenital recurrent disloeations of the 
patella are caused by underdevelopment of the lateral femo- 
ral eondyle. Traumatic disloeation of the patella results from 
direet trauma to the quadriceps attaehments of the patella 
(espeeially the vastus medialis), vvith or vvithout fracture of the 
patella. 


(eontinaedj 


Patellar Fraetnres 

A patella fractured as a result of direet violenee, as in an 
automobile aeeident, is broken into several small fragments. 
Because the bone lies vvithin the quadriceps femoris ten- 
don, little separation of the fragments takes plaee. The elose 
relationship of the patella to the overlying skin may result in 
the fracture being open. Fracture of the patella as a result 
of indireet violenee is caused by the sudden eontraetion of 
the quadriceps snapping the patella aeross the front of the 
femoral eondyles. The knee is in the semiflexed position, and 
the fracture line is transverse. Separation of the fragments 
usually occurs. 

Fractures of the Tibìa and Fíbula 

Fractures of the tibia and fibula are eommon. If only one bone 
is fractured, the other aets as a splint and displaeement is min- 
imal. Fractures ofthe shaft ofthetibia are often open because 
the entire length of the medial surface is eovered only by skin 
and superficial faseia. Fractures of the distal third of the shaft 
of the tibia are prone to delayed union or nonunion. This ean 
be because the nutrient artery is torn at the fracture line, vvith 
a consequent reduction in blood flovv to the distal fragment; 
it is also possible that the splintlike aetion of the intaet fibula 
prevents the proximal and distal fragments from eoming into 
apposition. 

Fractures of the proximal end of the tibia, at the tibial 
eondyles (tibial plateau), are eommon in the middle-aged and 
elderly; they usually result from direet violenee to the lateral 
side of the knee joint, as vvhen a person is hit by the bumper of 
an automobile. The tibial eondyle may shovv a split fracture or 
be broken up, orthe fracture line may pass betvveen both eon- 
dyles in the region of the intereondylar eminenee. As a result 
of foreed abduction of the knee joint, the medial eollateral 
ligament ean also be torn or ruptured. 

Fractures of the distal end of the tibia are eonsidered vvith 
the ankle joint (see page 506). 

Intraosseons Infnsion of the Tibia in the Infant 

The technique may be used for the infusion of fluids and 
blood vvhen it has been found impossible to obtain an intra- 
venous line. The procedure is easy and rapid to perform, as 
follovvs: 

1. With the distal leg adequately supported, the anterior sub- 
cutaneous surface of the tibia is palpated. 

2. The skin is anesthetized about 1 in. (2.5 em) distal to the 
tibial tuberosity, thus bloeking the infrapatellar braneh of 
the saphenous nerve. 

3. The bone marrovv needle is direeted at right angles 
through the skin, superficial faseia, deep faseia, and tibial 
periosteum and the cortex of the tibia. Onee the needle 
tip reaehes the medulla and bone marrovv, the operator 
senses a feeling of "give." The position of the needle in the 
marrovv ean be eonfirmed by aspiration. The needle should 
be direeted slightly caudad to avoid injury to the epiphy- 
seal plate of the proximal end of the tibia. The transfusion 
may then eommenee. 

V___/ 
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Bones of the Foot 

The bones of the foot are the tarsal bones, the metatarsals, 
and the phalanges. 

Tarsal Bones 

The tarsal bones are the ealeanenm, the talns, the navie- 
ular, the cuboid, and the three enneiform bones. Only 
the talus articulates with the tibia and the fibula at the 
ankle joint. 


Calcaneum 

The ealeanenm is the largest bone of the foot and forms 
the prominenee of the heel (Figs. 10.38, 10.39, and 10.40). 
It artienlates above with the talus and in front with the 
cuboid. It has six surfaces. 

■ The anterior snrfaee is small and forms the artienlar 
faeet that artienlates with the cuboid bone. 

■ The posterior snrfaee forms the prominenee of the heel 
and gives attaehment to the tendo ealeanens (Aehilles 
tendon). 
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FIGURE 10.38 Calcaneum, talus, navicular, and cuboid bones. 
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FIGURE 10.39 Muscle attaehnnents on the dorsal aspeet of the bones of the right foot 
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FIGURE 10.40 Muscle attaehments on the plantar aspeet of the bones of the right foot 
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■ The superior surface is dominated by two articular fae- 
ets for the talus, separated by a roughened groove, the 

sulcus ealeanei. 

■ The inferior snrfaee has an anterior tnberele in 
the midline and a large medial and a smaller lateral 
tubercle at the junction of the inferior and posterior 
surfaces. 

■ The medial snrfaee possesses a large, shelflike proeess, 
termed the sustentaculum tali, which assists in the sup- 
port of the talus. 

■ The lateral surface is almost flat. On its anterior part 
is a small elevation ealled the peroneal tnberele, which 
separates the tendons of the peroneus longus and brevis 
muscles. 

The important muscles and ligaments attaehed to the eal- 
caneum are shown in Fignres 10.39 and 10.40. 

Talus 

The talus articulates above at the ankle joint with the tibia 
and flbula, below with the calcaneum, and in front with 
the navicular bone. It possesses a head, a neek, and a body 
(Figs. 10.38 and 10.39). 

The head of the talus is direeted distally and has an oval 
convex articular surface for articulation with the navicular 
bone. This artienlar surface is continued on its inferior sur- 
faee, where it rests on the sustentaculum tali behind and the 
calcaneonavicular ligament in front. 

The neek of the talus lies posterior to the head and is 
slightly narrowed. Its upper surface is roughened and gives 
attaehment to ligaments, and its lower snrfaee shows a deep 
groove, the sulcus tali. The sulcus tali and the sulcus eal- 
eanei in the articulated foot form a tunnel, the sinus tarsi, 
which is occupied by the strong interosseous taloealeaneal 
ligament. 

The body of the talus is cuboidal. Its superior surface 
articulates with the distal end of the tibia; it is convex from 
before backward and slightly eoneave from side to side. 
Its lateral snrfaee presents a triangular artienlar faeet for 
articulation with the lateral malleolns of the flbula. Its 
medial surface has a small, eomma-shaped artienlar faeet 
for articulation with the medial malleolus of the tibia. The 
posterior surface is marked by two small tnbereles, sepa- 
rated by a groove for the flexor hallucis longus tendon. 

Numerous important ligaments are attaehed to the 
talus, but no muscles are attaehed to this bone. 


The remaining tarsal bones should be identifled and the 
following important features noted. 

Navicular Bone 

The tnberosity of the navienlar bone (Figs. 10.38, 10.39, 
and 10.40) ean be seen and felt on the medial border of 
the foot 1 in. (2.5 em) in front of and below the medial 
malleolus; it gives attaehment to the main part of the tibi- 
alis posterior tendon. 

Cuboid Bone 

A deep groove on the inferior aspeet of the cuboid bone 
(Figs. 10.38,10.39, and 10.40) lodges the tendon of the per- 
oneus longus muscle. 

Cuneiform Bones 

The three small, wedge-shaped cuneiform bones (Figs. 
10.39 and 10.40) articulate proximally with the navie- 
ular bone and distally with the first three metatarsal 
bones. Their wedge shape contributes greatly to the for- 
mation and maintenanee of the transverse areh of the 
foot (see page 510). 

The tarsal bones, unlike those of the carpus, start to 
ossify before birth. Genters of ossifleation for the ealea- 
neum and the talus, and often for the cuboid, are present 
at birth. By the flfth year, ossifleation is taking plaee in all 
the tarsal bones. 

Metatarsal Bones and Phalanges 

The metatarsal bones and phalanges (Figs. 10.39 and 10.40) 
resemble the metaearpals and phalanges of the hand, and 
eaeh possesses a head distally, a shaft, and a base proxi- 
mally. The flve metatarsals are numbered from the medial 
to the lateral side. 

The first metatarsal bone is large and strong and plays 
an important role in supporting the weight of the body. 
The head is grooved on its inferior aspeet by the medial 
and lateral sesamoid bones in the tendons of the flexor hal- 
lucis brevis. 

The fifth metatarsal has a prominent tnberele on its 
base that ean be easily palpated along the lateral border 
of the foot. The tubercle gives attaehment to the peroneus 
brevis tendon. 

Eaeh toe has three phalanges except the big toe, which 
possesses only two. 
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Fractures of the Talus 

Fractures occur at the neek or body of the talus. Neek fractures 
occur during violent dorsiflexion of the ankle joint when the neek 
is driven against the anterior edge of the distal end of the tibia. 
The body of the talus ean be fractured by jumping from a height, 
although thetwo malleoli preventdisplaeementof the fragments. 


Fractures of the Calcaneum 

Gompression fractures of the calcaneum result from falls from 
a height. The weight of the body drives the talus downward into 
the calcaneum, crushing it in such a way that it loses vertieal 
height and beeomes wider laterally. The posterior portion of the 
calcaneum above the insertion of the tendo calcaneus ean be 
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fractured by posterior displaeement of the talus. The sustentac- 
ulum tali ean be fractured by foreed inversion of the foot. 

Fractures of the Metatarsal Bones 

The base of the 5th metatarsal ean be fractured during foreed 
inversion of the foot, at vvhieh time the tendon of insertion of the 
peroneus brevis muscle pulls off the base of the metatarsal. 


Stress fracture of a metatarsal bone is eommon in jog- 
gers and in soldiers after long marehes; it ean also occur in 
nurses and hikers. It occurs most frequently in the distal third 
of the 2nd, 3rd, or 4th metatarsal bone. Minimal displaee- 
ment occurs because of the attaehment of the interosseous 
muscles. 



Popliteal Fossa 

The popliteal fossa is a diamond-shaped intermuscular 
spaee situated at the baek of the knee (Fig. 10.41). The fossa 
is most prominent when the knee joint is f[exed. It eontains 
the popliteal vessels, the small saphenous vein, the eom- 
mon peroneal and tibial nerves, the posterior cutaneous 
nerve of the thigh, the genicular braneh of the obturator 
nerve, eonneetive tissue, and lymph nodes. 

Boondaries 

■ Laterally: The bieeps femoris above and the lateral head 
of the gastrocnemius and plantaris below (Fig. 10.41) 


■ Medially: The semimembranosns and semitendinosus 
above and the medial head of the gastrocnemius below 
(Fig. 10.41) 

The anterior wall or floor of the fossa is formed by the 
popliteal surface of the femur, the posterior ligament of the 
knee joint, and the popliteus muscle (Figs. 10.41 and 10.42). 

The roof is formed by skin, superficial faseia, and the 
deep faseia of the thigh. 

The bieeps femoris, the semimembranosns, and the 
semitendinosns muscles are deseribed in the seetion on 
the baek of the thigh, on page 465. The gastroenemins and 
plantaris are deseribed in the seetion on the baek of the leg, 
on page 487. 
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FIGIJRE 10.41 Boundaries and eontents of the right popliteal fossa. 
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FIGURE 10.42 Deep structures in the right popliteal fossa.The proximal end of the soleus muscle is shovvn in outline only 


Poplitens Muscle 

The popliteus muscle plays a key role in the movements of 

the knee joint and will be deseribed in detail. 

■ Origin: From the lateral snrfaee of the lateral eondyle of 
the femur by a rounded tendon and by a few fibers from 
the lateral semilnnar eartilage (Figs. 10.42 and 10.43). 

■ Insertion: The fibers pass downward and medially and 
are attaehed to the posterior snrfaee of the tibia, above 
the soleal line. The muscle arises within the eapsnle of the 
knee joint, and its tendon separates the lateral menisens 
from the lateral ligament of the joint. It emerges throngh 
the lower part of the posterior snrfaee of the eapsnle of 
the joint to pass to its insertion. 

■ Nerve snpply: Tibial nerve. 

■ Aetion: Medial rotation of the tibia on the femur or, if 
the foot is on the ground, lateral rotation of the femur 
on the tibia. The latter aetion occurs at the eommenee- 
ment of fiexion of the extended knee, and its rotatory 
aetion slaekens the ligaments of the knee joint; this 
aetion is sometimes referred to as “nnloeking the knee 


joint.” Beeanse of its attaehment to the lateral menisens, 
it also pulls the eartilage backward at the eommenee- 
ment of fiexion of the knee. 

Popliteal Artery 

The popliteal artery is deeply plaeed and enters the pop- 
liteal fossa throngh the opening in the addnetor magnus, 
as a continuation of the femoral artery (Fig. 10.42). It ends 
at the level of the lower border of the poplitens muscle by 
dividing into anterior and posterior tibial arteries. 

Relations 

■ Anteriorly: The popliteal snrfaee of the femur, the knee 
joint, and the poplitens muscle (Fig. 10.42) 

■ Posteriorly: The popliteal vein and the tibial nerve, fas- 
eia, and skin (Figs. 10.41 and 10.42) 

Branehes 

The popliteal artery has mnsenlar branehes and artienlar 
branehes to the knee. 
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FIGURE 10.43 Deep structures in the posterior aspeet of the right leg 



e L I N I e A L N 0 T E S 


Popliteal Aneorysm 

The pulsations of the wall of the femoral artery against the 
tendon of adductor magnus at the opening of the adductor 
magnus are thought to contribute to the cause of popliteal 
aneurysms. 

Semimembranosns Bnrsa Swelling 

Semimembranosus bursa swelling is the most eommon swell- 
ing found in the popliteal spaee. It is made tense by extending 
the knee joint and beeomes flaeeid when the joint is flexed. It 
should be distinguished from a Baker's eyst, which is eentrally 
loeated and arises as a pathologie (osteoarthritis) diverticu- 
lum of the synovial membrane through a hole in the baek of the 
capsule of the knee joint. 

V___ J 


Popliteal Vein 

The popliteal vein is formed by the jnnetion of the venae 
eomitantes of the anterior and posterior tibial arteries at the 
lower border of the poplitens mnsele on the medial side of 
the popliteal artery. As it aseends throngh the fossa, it erosses 
behind the popliteal artery so that it eomes to lie on its lat- 
eral side (Figs. 10.41 and 10.42). It passes throngh the open- 
ing in the addnetor magnns to beeome the femoral vein. 

Tributaries 

The tribntaries of the popliteal vein are as follows: 

■ Veins that eorrespond to branehes given off by the 
popliteal artery. 

■ Small saphenous vein, which perforates the deep faseia 
and passes between the two heads of the gastroenemins 
mnsele to end in the popliteal vein. The origin of this 
vein is deseribed on page 487. 
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Arterial Anastomosis Around 
the Knee Joint 

To eompensate for the narrowing of the popliteal artery, 
which oeenrs dnring extreme f[exion of the knee, aronnd 
the knee joint is a profnse anastomosis of small branehes 
of the femoral artery with muscular and artienlar branehes 
of the popliteal artery and with branehes of the anterior 
and posterior tibial arteries. 

Popliteal Lymph Nodes 

About six lymph nodes are embedded in the fatty eonnee- 
tive tissue of the popliteal fossa (Fig. 10.4). They reeeive 
superficial lymph vessels from the lateral side of the foot 
and leg; these aeeompany the small saphenous vein into the 
popliteal fossa. They also reeeive lymph from the knee joint 
and from deep lymph vessels aeeompanying the anterior 
and posterior tibial arteries. 

Tibial Nerve 

The larger terminal braneh of the seiatie nerve (see page 
467), the tibial nerve arises in the lower third of the thigh. 
It runs downward through the popliteal fossa, lying first on 
the lateral side of the popliteal artery, then posterior to it, 
and finally medial to it (Figs. 10.41 and 10.42). The pop- 
liteal vein lies between the nerve and the artery through- 
out its course. The nerve enters the posterior eompartment 
of the leg by passing beneath the soleus muscle. Its fiirther 
course is deseribed on page 489. 

Branehes 

■ Cutaneous: The sural nerve deseends between the two 
heads of the gastrocnemius muscle and is usually joined 
by the sural communicating braneh of the eommon 
peroneal nerve (Figs. 10.41 and 10.17). Numerous small 
branehes arise from the sural nerve to supply the skin of 
the ealf and the baek of the leg. The sural nerve aeeom- 
panies the small saphenous vein behind the lateral 
malleolus and is distributed to the skin along the lateral 
border of the foot and the lateral side of the little toe. 

■ Muscular branehes supply both heads of the gastroene- 
mius and the plantaris, soleus, and poplitens (Figs. 10.41 
and 10.42). 

■ Articular branehes supply the knee joint. 

Common Peroneal Nerve 

The smaller terminal braneh of the seiatie nerve (see page 
467), the eommon peroneal nerve arises in the lower third 
of the thigh. It runs downward through the popliteal fossa, 
elosely following the medial border of the bieeps muscle 
(Fig. 10.42). It leaves the fossa by erossing superficially the 
lateral head of the gastrocnemius muscle. It then passes 
behind the head of the fibula, winds laterally around the 
neek of the bone, pierees the peroneus longus muscle, and 
divides into two terminal branehes: the superficial pero- 
neal nerve and the deep peroneal nerve (Fig. 10.44). As the 
nerve lies on the lateral aspeet of the neek of the fibula, it 
is subcutaneous and ean easily be rolled against the bone. 


Branehes 

■ Cutaneous: The sural communicating braneh (Figs. 
10.16 and 10.41) runs downward and joins the sural 
nerve. The lateral cutaneous nerve of the ealf supplies 
the skin on the lateral side of the baek of the leg (Figs. 
10.1 and 10.41). 

■ Muscular braneh to the short head of the bieeps femo- 
ris muscle, which arises high up in the popliteal fossa 
(Fig. 10.42). 

■ Articular branehes to the knee joint. 



e L I N 
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Common Peroneal Nerve Injnry 

The eommon peroneal nerve is extremely volnerable to 
injury as it vvinds around the neek of the fibula. At this site, it 
is exposed to direet trauma or is involved in fractures of the 
upper part of the fibula. Injury to the eommon peroneal nerve 

causesfootdrop. 


Posterior Cutaneous Nerve of the Thigh 

The course of the posterior cutaneous nerve of the thigh 
through the gluteal region and the baek of the thigh is 
deseribed on page 465. It terminates by supplying the skin 
over the popliteal fossa (Fig. 10.1). 

Ohtnrator Nerve 

The course of the posterior division of the obturator nerve 
in the medial eompartment of the thigh is deseribed on page 
465. It leaves the snbsartorial eanal with the femoral artery by 
passing throngh the opening in the addnetor magnus (Fig. 
10.42). The nerve terminates by supplying the knee joint. 

Faseial eompartments of the Leg 

The deep faseia surrounds the leg and is continuous above 
with the deep faseia of the thigh. Below the tibial eondyles, 
it is attaehed to the periosteum on the anterior and medial 
borders of the tibia (Fig. 10.45). Tvvo intermuscular septa 
pass from its deep aspeet to be attaehed to the fibula. These, 
together with the interosseous membrane, divide the leg into 
three eompartments—anterior, lateral, and posterior—eaeh 
having its own muscles, blood supply, and nerve supply. 

Interosseous Membrane 

The interosseous membrane binds the tibia and fibula 
together and provides attaehment for neighboring muscles 
(see Figs. 10.44 and 10.45). 

Retinaenla of the Ankle 

The retinaenla are thiekenings of the deep faseia that keep 
the long tendons around the ankle joint in position and aet 
as pulleys. 
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FIGURE 10.44 Deep structures in the anterior and lateral aspeets of the right leg and the dorsnm of the foot 
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FIGURE 10.45 Transverse seetion through the middle of the right leg as seen from above. 




























Basie Anatomy 481 




£ 


t . r 


peroneus 
longus 
peroneus 
brevis 

superficial 
peroneal nerve 

inferior extensor 
retinaculunrì 

lateral 
malleolus 

peroneus longus 
and brevis tendons 

extensor digitorum 
brevis 


1 * 


1 ^ 


^ 4 


1 ^ 




peroneus 

tertius 

dorsal 
venous 
netvvork 


anterior border 
of tibia 

tibialis anterior 


extensor hallucis longus 
superficial peroneal nerve 

extensor digitorum longus 

superior extensor 
retinaculum 

medial malleolus 


great saphenous vein 


s 


extensor digitorum longus 


. V 


-V 


dorsalis pedis artery 


extensor 
hallucis 
\ longus 


big 

toe 


FIGURE 10.46 Disseetion of the front of the right leg and 
dorsym of the foot. 


Superior Extensor Retinaculum 

The superior extensor retinaculum is attaehed to the dis- 
tal ends of the anterior borders of the fìbnla and the tibia 
(Figs. 10.46,10.47, and 10.50). 

Inferior Extensor Retinaculum 

The inferior extensor retinaculum is a Y-shaped band 
loeated in front of the ankle joint (Figs. 10.44, 10.46, and 
10.47). Fibrons bands separate the tendons into eompart- 
ments (Figs. 10.48 and 10.50), eaeh of which is lined by a 
synovial sheath. 

Flexor Retinaculum 

The f[exor retinaculum extends from the medial malleolns 
downward and backward to be attaehed to the medial sur- 
faee of the calcaneum (Fig. 10.49). It binds the tendons of 
the deep mnseles of the baek of the leg to the baek of the 
medial malleolns as they pass forward to enter the sole. The 
tendons lie in eompartments (Fig. 10.48), eaeh of which is 
lined by a synovial sheath. 

Superior Peroneal Retinaculum 

The snperior peroneal retinaculum eonneets the lateral 
malleolns to the lateral snrfaee of the ealeanenm (Fig. 10.49). 


It binds the tendons of the peronens longus and brevis to 
the baek of the lateral malleolns. The tendons are provided 
with a eommon synovial sheath. 

Inferior Peroneal Retinaculum 

The inferior peroneal retinaculum binds the tendons of 
the peronens longus and brevis mnseles to the lateral side 
of the ealeanenm (Fig. 10.49). The tendons eaeh possess a 
synovial sheath, which is continuous above with the eom- 
mon sheath. 

The arrangement of the tendons beneath the different 
retinaenla is deseribed on pages 490. 

The Front of the Leg 
Skin 

Cutaneous Nerves 

The lateral cutaneous nerve of the ealf, a braneh of the 
eommon peroneal nerve (see page 479), snpplies the skin 
on the upper part of the lateral surface of the leg (Fig. 10.1). 

The snperfieial peroneal nerve, a braneh of the eom- 
mon peroneal nerve (see page 479), snpplies the skin of the 
lower part of the anterolateral snrfaee of the leg (Fig. 10.2). 

The saphenons nerve, a braneh of the femoral nerve 
(see page 463), snpplies the skin on the anteromedial sur- 
faee of the leg (Fig. 10.2). 

Superficial Veins 

Numerous small veins curve around the medial aspeet of 
the leg and nltimately drain into the great saphenons vein 
(Fig. 10.51). 

Lymph Vessels 

The greater part of the lymph from the skin and snperfieial 
faseia on the front of the leg drains upward and medially 
in vessels that follow the great saphenons vein, to end in 
the vertieal group of superficial inguinal lymph nodes (Fig. 
10.4). A small amount of lymph from the upper lateral part 
of the front of the leg may pass via vessels that aeeompany 
the small saphenons vein and drain into the popliteal nodes 
(Fig. 10.4). 

Gontents of the Anterior Faseial 
eompartment of the Leg 

■ Muscles: The tibialis anterior, extensor digitornm lon- 
gus, peroneus tertius, and extensor hallneis longus 

■ Blood supply: Anterior tibial artery 

■ Nerve supply: Deep peroneal nerve 

Muscles of theAnterior Faseial eompartment 
of the Leg 

The mnseles are seen in Fignres 10.44, 10.45, 10.46, 10.47, 
10.48, and 10.49 and are deseribed in Table 10.5. 

Note the following: 

■ Extension, or dorsifiexion of the ankle, is the movement 
of the foot away from the ground. 

■ The peronens tertins muscle extends the foot at the ankle 
joint along with the other mnseles in this eompartment 
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FIGURE 10.47 Structures in the anterior and lateral aspeets of the right leg and the dorsom of the foot 


tibialis anterior 


extensor hallucis longus 


dorsalis pedis artery 


inferior extensor retinaculum 


saphenous nerve 
great saphenous vein 


talus 

medial malleolus 


flexor retinaculum 
tibialis posterior 

flexor digitorum longus 
posterior tibial artery 

tibial nerve 
flexor hallucis longus 



extensor digitorum longus 


peroneus tertius 


deep peroneal nerve 


lateral malleolus 


plantaris tendon 


superior peroneal retinaculum 
posterior talofibular ligament 
peroneus brevis and longus 

sural nerve 
small saphenous vein 

tendo calcaneus 


FIGURE 10.48 Relations of the right ankle joint. 
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FIGLIRE 10.49 Structures passing behind the lateral malleolns (A) and the medial malleolus (B). Synovial sheaths of the ten- 
dons are shovvn in blue. Note the positions of the retinacula. 
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FIGLIRE 10.50 Disseetion of the right ankle region shovving the structures passing behind the lateral malleolus. Note the posi 
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FIGURE 10.51 Disseetion of the right ankle region shovving the origin of the great saphenous vein fronn the dorsal venous 
areh. Note that the great saphenous vein aseends in front of the medial malleolus of the tibia. 


TABLE 11 

Muscles of the Anterior Faseial Compartment of the Leg 


Muscle 

Origin 

Insertion 

Nerve Supply 

Nerve Root^ Aetion 

Tibialis 

Lateral surface of 

Medial cuneiform and base of 

Deep peroneal 

L4,5 

Extends^ foot at ankle joint; 

anterior 

shaft of tibia and 

Ist metatarsal bone 

nerve 


inverts foot at subtalar 


interosseous 




and transverse tarsal 


membrane 




joints; holds up medial 






longitudinal areh of foot 

Extensor 

Anterior surface of 

Extensor expansion of lateral 

Deep peroneal 

L5;S1 

Extends toes; extends foot 

digitorum 

shaft of fibula 

fourtoes 

nerve 


at ankle joint 

longus 






Peroneus 

Anterior surface of 

Base of 5th metatarsal bone 

Deep peroneal 

L5;S1 

Extends foot at ankle joint; 

tertius 

shaft of fibula 


nerve 


everts foot at subtalar and 






transverse tarsal joints 

Extensor 

Anterior surface of 

Base of distal phalanx of 

Deep peroneal 

L5;S1 

Extends big toe; extends 

hallucis 

shaft of fibula 

great toe 

nerve 


foot at ankle joint; inverts 

longus 





foot atsubtalar and 






transverse tarsal joints 

Extensor 

Calcaneum 

By fourtendons into the 

Deep peroneal 

S1,2 

Extends toes 

digitorum 


proximal phalanx of big toe 

nerve 



brevis 


and long extensortendonsto 






seeond, third, and fourth toes 





®The predominant nerve root sopply is indieated by boldfaee type. 

'^EKtension, or dorsiflexion, of the ankle is the movement of the foot away from the groond. 
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FIGURE 10.52 Anterior view of the ankles and feet of a 29-year-old wonnan showing inversion (A) and eversion (B) of the right foot 


and is snpplied by the deep peroneal nerve. The mnsele 
also everts the foot at the snbtalar and transverse tarsal 
joints along with the peronens longns and brevis mus- 
eles but reeeives no innervation from the snperfieial 
peroneal nerve. 

■ The extensor digitornm longus tendons on the dorsal 
snrfaee of eaeh toe beeome ineorporated into a faseial 
expansion ealled the extensor expansion. The eentral 
part of the expansion is inserted into the base of the 
middle phalanx, and the two lateral parts eonverge to be 
inserted into the base of the distal phalanx. (Gompare 
with the insertion of extensor digitornm in the hand.) 

Artery of the Anterior Faseial Compartment 
of the Leg 

AnteriorTibial Artery 

The anterior tibial artery is the smaller of the terminal 
branehes of the popliteal artery. It arises at the level of the 
lower border of the poplitens muscle (see page 477) and 
passes forward into the anterior eompartment of the leg 
throngh an opening in the upper part of the interosseous 
membrane (Fig. 10.42). It deseends on the anterior snrfaee 
of the interosseons membrane, aeeompanied by the deep 
peroneal nerve (Fig. 10.44). In the upper part of its course, 
it lies deep beneath the mnseles of the eompartment. In 
the lower part of its course, it lies superficial in front of 
the lower end of the tibia (Figs. 10.44 and 10.47). Having 
passed behind the snperior extensor retinaculum, it has the 
tendon of the extensor hallneis longus on its medial side 
and the deep peroneal nerve and the tendons of exten- 
sor digitornm longus on its lateral side. It is here that its 


pnlsations ean easily be felt in the living snbjeet. In front of 
the ankle joint, the artery beeomes the dorsalis pedis artery 
(see page 498). 

Branehes 

■ Muscular branehes to neighboring mnseles 

■ Anastomotie branehes that anastomose with branehes 
of other arteries around the knee and ankle joints 

■ Venae eomitantes of the anterior tibial artery join those 
of the posterior tibial artery in the popliteal fossa to 
form the popliteal vein. 

Nerve Supply of the Anterior Faseial 
eompartment of the Leg 

Deep Peroneal Nerve 

The deep peroneal nerve is one of the terminal branehes 
of the eommon peroneal nerve (see page 479). It arises in 
the snbstanee of the peronens longus muscle on the lateral 
side of the neek of the fibula (Fig. 10.44). The nerve enters 
the anterior eompartment by piereing the anterior faseial 
septum. It then deseends deep to the extensor digitornm 
longus muscle, first lying lateral, then anterior, and finally 
lateral to the anterior tibial artery (Fig. 10.44). The nerve 
passes behind the extensor retinaenla. Its fiirther course in 
the foot is deseribed on page 498. 

Branehes 

■ Muscular branehes to the tibialis anterior, the extensor 
digitornm longus, the peroneus tertius, and the extensor 
hallneis longus 

■ Articular braneh to the ankle joint 
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Anterior Compartment of the Leg Syndrome 

The anterior eompartment syndrome is prodoeed by an 
inerease in the intraeompartmental pressore that resolts 
from an inereased prodoetion of tissue fluid. Softtissue injury 
assoeiated with bone fractures is a eommon cause, and early 
diagnosis is eritieal. The deep, aehing pain in the anterior 
eompartment of the leg that is eharaeteristie of this syndrome 
ean beeome severe. Dorsiflexion of the foot at the ankle joint 
inereases the severity of the pain. Stretehing of the muscles 
that pass through the eompartment by passive plantar flexion 
of the ankle also inereases the pain. As the pressure rises. 


the venous return is diminished, thus producing a further rise 
in pressure. In severe eases, the arterial supply is eventually 
cut off by eompression, and the dorsalis pedis arterial pulse 
disappears. The tibialis anterior, the extensor digitorum lon- 
gus, and the extensor hallucis longus muscles are paralyzed. 
Loss of sensation is limited to the area supplied by the deep 
peroneal nerve—that is, the skin eleft between the first and 
seeond toes. The surgeon ean open the anterior eompart- 
ment of the leg by making a longitudinal ineision through the 
deep faseia and thus deeompress the area and prevent anoxic 
neerosis of the muscles. 


Gontents of the Lateral Faseial 
eompartment of the Leg 

■ Muscles: Peroneus longus and peronens brevis 

■ Blood supply: Branehes from the peroneal artery 

■ Nerve supply: Snperfieial peroneal nerve 

Muscles of the Lateral Faseial eompartment 
of the Leg 

The mnseles are seen in Fignres 10.44, 10.45, 10.46, 10.47, 
10.48,10.49, and 10.50 and deseribed in Table 10.6. 

Note the following: 

■ Both the peronens longus and brevis mnseles fiex the 
foot at the ankle joint and evert the foot at the snbtalar 
and transverse tarsal joints. They also play an important 
role in holding up the lateral longitudinal areh in the 
foot. In addition, the peronens longus tendon serves as a 
tie to the transverse areh of the foot. 

Artery of the Lateral Faseial Compartment 
of the Leg 

Numerous branehes from the peroneal artery (see page 
488), which lies in the posterior eompartment of the leg, 
pieree the posterior faseial septum, and supply the peroneal 
mnseles. 



Tenosynovìtìs and Dìsloeatìon of the Peronens 
Longns and Brevìs Tendons 

Tenosynovitis (inflammation of the synovial sheaths) ean 
affeet the tendon sheaths of the peroneus longus and bre- 
vis muscles as they pass posterior to the lateral malleolus. 
Treatment eonsists of immobilization, heat, and physiotherapy. 
Tendon disloeation ean occur when the tendons of peroneus 
longus and brevis disloeate forward from behind the lateral 
malleolus. For this eondition to occur, the superior peroneal 
retinaculum must be torn. It usually occurs in older ehildren 
and is caused by trauma. 

V___ J 


Nerve of the Lateral Faseial Compartment 
of the Leg 

Superficial Peroneal Nerve 

The superficial peroneal nerve is one of the terminal 
branehes of the eommon peroneal nerve (see page 479). 
It arises in the snbstanee of the peronens longus muscle on 


TABLE 1 0.6 


Muscles of the Lateral Faseial Compartment of the Leg 


Muscle Origin 


Insertion Nerve Supply Nerve Root^ Aetion 



Peroneus 

longus 


Lateral surface of 
shaft of fibula 


Base of Ist 
metatarsal 
and the medial 
cuneiform 


Superficial 
peroneal nerve 


L5;S1,2 


Peroneus 

brevis 


Lateral surface of 
shaft of fibula 


Base of 5th 
metatarsal bone 


Superficial 
peroneal nerve 


L5;S1,2 


Plantar flexes foot at ankle joint; 
everts foot at subtalar and 
transverse tarsal joints; supports 
lateral longitudinal and transverse 
arehes of foot 

Plantar flexes foot at ankle joint; 
everts foot at subtalar and 
transverse tarsal joint; supports 
lateral longitudinal areh of foot 


®The predominant nerve root sopply is indieated by boldfaee type. 


















Basie Anatomy 487 


the lateral side of the neek of the fibnla (Figs. 10.44, 10.46, 
and 10.50). It deseends between the peronens longns and 
brevis mnseles, and in the lower part of the leg it beeomes 
entaneons (Figs. 10.47 and 10.50). 

Branehes 

■ Muscular branehes to the peronens longns and brevis 
(Fig. 10.44) 

■ Cutaneous: Medial and lateral branehes are distribnted 
to the skin on the lower part of the front of the leg and 
the dorsnm of the foot. In addition, branehes snpply the 
dorsal snrfaees of the skin of all the toes, except the adja- 
eent sides of the first and seeond toes and the lateral side 
of the little toe (see page 498). 

The Baek of the Leg 
Skin 

Cutaneous Nerves 

The posterior cutaneous nerve of the thigh deseends on 
the baek of the thigh (see page 465). In the popliteal fossa, it 
snpplies the skin over the popliteal fossa and the npper part 
of the baek of the leg (Fig. 10.1). 

The lateral cutaneous nerve of the ealf, a braneh of the 
eommon peroneal nerve (see page 479), snpplies the skin 
on the npper part of the posterolateral snrfaee of the leg 
(Fig. 10.1). 

The sural nerve, a braneh of the tibial nerve (see page 
479), snpplies the skin on the lower part of the posterolat- 
eral snrfaee of the leg (Fig. 10.1). 

The saphenons nerve, a braneh of the femoral nerve 
(see page 463), gives off branehes that snpply the skin on 
the posteromedial snrfaee of the leg (Fig. 10.1). 

Superficial Veins 

The small saphenons vein arises from the lateral part of the 
dorsal venons areh of the foot (Fig. 10.19). It aseends behind 
the lateral malleolns in eompany with the snral nerve. It fol- 
lows the lateral border of the tendo ealeanens and then runs 
up the middle of the baek of the leg. The vein pierees the deep 
faseia and passes between the two heads of the gastroenemins 
muscle in the lower part of the popliteal fossa (Figs. 10.19 
and 10.40); it ends in the popliteal vein (see page 478). The 
small saphenons vein has numerous valves along its course. 

Tributaries 

■ Numerous small veins from the baek of the leg 

■ Communicating veins with the deep veins of the foot 

■ Important anastomotie branehes that run upward and 
medially and join the great saphenons vein (Fig. 10.19) 

The mode of termination of the small saphenons vein is 
snbjeet to variation: It may join the popliteal vein; it may 
join the great saphenons vein; or it may split in two, one 
division joining the popliteal and the other joining the 
great saphenons vein. 

Lymph Vessels 

Lymph vessels from the skin and snperfieial faseia on 
the baek of the leg drain upward and either pass forward 


around the medial side of the leg to end in the vertieal 
group of superficial inguinal nodes or drain into the pop- 
liteal nodes (Fig. 10.4). 

Gontents of the Posterior Faseial 
eompartment of the Leg 

The deep transverse faseia of the leg is a septum that 
divides the muscles of the posterior eompartment into 
snperfieial and deep groups (see Fig. 10.45). 

■ Superficial group of muscles: Gastrocnemius, plantaris, 
and soleus 

■ Deep group of muscles: Popliteus, fiexor digitorum lon- 
gus, fiexor hallucis longus, and tibialis posterior 

■ Blood supply: Posterior tibial artery 

■ Nerve supply: Tibial nerve 

Muscles of the Posterior Faseial Compartment 
of the Leg: Superficial Group 

The mnseles are seen in Fignres 10.45 and 10.53 and are 
deseribed in Table 10.7. 

Note the following: 

■ Together, the soleus, gastrocnemius, and plantaris aet as 
powerful plantar fiexors of the ankle joint. They provide 
the main forward propnlsive foree in walking and run- 
ning by using the foot as a lever and raising the heel off 
the ground. 


e L I N I e A L N 0 T E S 


Gastrocnemìus and Soleus Muscle Tears 

Tearing of the gastroenemios or soleus muscles will produce 
severe loealized pain overthe damaged muscle. Swelling may 
be present. 

Ruptured Tendo Calcaneus 

Rupture of the tendo calcaneus is eommon in middle-aged 
men and frequently occurs in tennis players. The rupture 
occurs at its narrowest part, about 2 in. (5 em) above its inser- 
tion. A sudden, sharp pain is felt, with immediate disability. The 
gastrocnemius and soleus muscles retraet proximally, leaving 
a palpable gap in the tendon. It is impossible forthe patientto 
aetively plantar flex the foot. The tendon should be sutured as 
soon as possible and the leg immobilized with the ankle joint 
plantar flexed and the knee joint flexed. 

Rupture of the Plantarìs Tendon 

Rupture of the plantaris tendon is rare, although tearing of the 
fibers of the soleus or partial tearing of the tendo calcaneus is 
frequently diagnosed as such a rupture. 

Plantarìs Tendon and Antografts 

The plantaris muscle, which is often missing, ean be used for 
tendon autografts in repairing severed flexor tendons to the 
fingers; the tendon of the palmaris longus muscle ean also be 
used forthis purpose. 

V___ J 
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FIGURE 10.53 Structures in the posterior aspeet of the right leg. In B, part of the gastrocnennius has been removed 


Muscles of the Posterior Faseial Compartment 
of the Leg: Deep Group 

The muscles are seen in Figures 10.43, 10.45, 10.48, and 
10.49 and are deseribed in Table 10.7. 

Note the following: 

■ The poplitens muscle arises inside the eapsnle of the 
knee joint and is inserted into the upper part of the pos- 
terior surface of the tibia. The tendon separates the lat- 
eral ligament of the knee joint from the lateral menisens 
so that the menisens is not tethered to the ligament and 
is freer to move and adapt to the snrfaees of the eondyle 
of the femur and the tibia. 

■ The poplitens muscle is responsible for “nnloeking” the 
knee joint. 

Artery of the Posterior Faseial Compartment 
of the Leg 

PosteriorTibial Artery 

The posterior tibial artery is one of the terminal branehes 
of the popliteal artery (see page 477). It begins at the level 
of the lower border of the poplitens muscle and passes 
downward deep to the gastroenemins and soleus and the 
deep transverse faseia of the leg (Figs. 10.41, 10.42, and 
10.44). It lies on the posterior snrfaee of the tibialis poste- 


rior muscle above and on the posterior snrfaee of the tibia 
below. In the lower part of the leg, the artery is eovered only 
by skin and faseia. The artery passes behind the medial 
malleolns deep to the flexor retinaculum and terminates by 
dividing into medial and lateral plantar arteries (Fig. 10.49). 

Branehes 

■ Peroneal artery, which is a large artery that arises 
elose to the origin of the posterior tibial artery (Fig. 
10.44). It deseends behind the fibula, either within 
the snbstanee of the fiexor hallneis longus muscle or 
posterior to it. The peroneal artery gives off numerous 
mnsenlar branehes and a nntrient artery to the fibnla 
and ends by taking part in the anastomosis around the 
ankle joint. A perforating braneh pierees the interos- 
seous membrane to reaeh the lower part of the front 
of the leg. 

■ Mnsenlar branehes are distribnted to mnseles in the 
posterior eompartment of the leg. 

■ Nntrient artery to the tibia. 

■ Anastomotie branehes, which join other arteries 
around the ankle joint. 

■ Medial and lateral plantar arteries (see page 495). 
Venae eomitantes of the posterior tibial artery join 
those of the anterior tibial artery in the popliteal fossa to 
form the popliteal vein. 
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TABLE 0.7 


Muscles of the Posterior Faseial Compartment of the Leg 




Muscle 


Origin 


Insertion 


Nerve Supply Nerve Root^ Aetion 


Snperfieial Group 


Gastrocnemius 

Lateral head from 
lateral eondyle of 
femur and medial 
head from above 
medial eondyle 

Via tendo 
calcaneus into 
posterior surface 
of calcaneum 

Tibial nerve 

Sl,2 

Plantaris 

Lateral 

supracondylar 
ridge of femur 

Posterior surface of 
calcaneum 

Tibial nerve 

Sl,2 

Soleus 

Shafts of tibia and 
fibula 

Via tendo calcaneus 
into posterior 
surface of 
calcaneum 

Tibial nerve 

S1,2 

Deep Group 

Popliteus 

Lateral surface of 
lateral eondyle of 
femur 

Posterior surface 
of shaft of tibia 
above soleal line 

Tibial nerve 

L4, 5;S1 

Flexor digitorum 
longus 

Posterior surface of 
shaft of tibia 

Bases of distal 
phalanges of 

Tibial nerve 

S2,3 


lateral four toes 


Flexor hallucis 
longus 


Posterior surface of 
shaft of fibula 


Base of distal 
phalanx of big toe 


Tibial nerve 



Tibialis posterior 


Posterior surface 
of shafts of tibia 
and fibula and 
interosseous 
membrane 


Tuberosity of 
navicular bone 
and other 
neighboring 
bones 


Tibial nerve 



Plantar flexes foot at ankle joint; 
flexes knee joint 


Plantar flexes foot at ankle joint; 
flexes knee joint 

Together with gastrocnemius and 
plantaris is powerful plantar 
flexor of ankle joint; provides 
main propulsive foree in 
walking and running 


Flexes leg at knee joint; unlocks 
knee joint by lateral rotation 
of femur on tibia and slaekens 
ligaments of joint 

Flexes distal phalanges of lateral 
four toes; plantar flexes foot 
at ankle joint; supports medial 
and lateral longitudinal arehes 
of foot 

Flexes distal phalanx of big toe; 
plantar flexes foot at ankle joint; 
supports medial longitudinal 
areh of foot 

Plantar flexes foot at ankle 
joint; inverts foot at subtalar 
and transverse tarsal joints; 
supports medial longitudinal 
areh of foot 


®The predominant nerve root sopply is indieated by boldfaee type. 
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Deep Veìn Thrombosìs and Long-Dìstanee Aìr 
Travel 

Passengers who sit immobile for hours on long-distanee flights 
are very prone to deep vein thrombosis in the legs. Thrombosis 
of the veins of the soleus muscle gives rise to mild pain ortight- 
ness in the ealf and ealf muscle tenderness. However, deep 
vein thrombosis ean also occur with no signs or symptoms. 
Should the thrombus beeome dislodged, it passes rapidly to 
the heart and lungs, causing pulmonary embolism, which is 
often fatal. Preventative measures include stretehing of the 
legs every hour to improve the venous circulation. 


Nerve of the Posterior Faseial Compartment 
of the Leg 

Tibial Nerve 

The tibial nerve is the larger terminal braneh of the seiatie 
nerve (Fig. 10.17) in the lower third of the baek of the thigh 
(see page 467). It deseends throngh the popliteal fossa and 
passes deep to the gastroenemins and solens mnseles (Figs. 
10.43 and 10.53). It lies on the posterior snrfaee of the tibialis 
posterior and, lower down the leg, on the posterior snrfaee 
of the tibia (Fig. 10.43). The nerve aeeompanies the posterior 
tibial artery and lies at first on its medial side, then erosses pos- 
terior to it, and finally lies on its lateral side. The nerve, with 
the artery, passes behind the medial maUeolus, between the 
tendons of the fiexor digitorum longus and the fiexor hallneis 
longus (Fig. 10.50). It is eovered here by the fiexor retinacu- 
lum and divides into the medial and lateral plantar nerves. 
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Branehes in the Leg (Belovvthe Popliteal Fossa) 

■ Muscular branehes to the soleus, flexor digitorum lon- 
gus, flexor hallucis longus, and tibialis posterior. 

■ Cutaneous: The medial ealeaneal braneh snpplies the 
skin over the medial snrfaee of the heel (Fig. 10.49). 

■ Artienlar braneh to the ankle joint. 

■ Medial and lateral plantar nerves: See pages 496 and 
497. 

The Regioii of the Ankle 

Before learning the anatomy of the foot, it is essential that 
a stndent have a sound knowledge of the arrangement of 
the tendons, arteries, and nerves in the region of the ankle 
joint. From the elinieal standpoint, the ankle is a eommon 
site for fraetnres, sprains, and disloeations. 

A transverse seetion throngh the ankle joint is shown 
in Figure 10.48; on it, identify the structures from medial 
to lateral. At the same time, examine your own ankle and 
identify as many of the structures as possible. 

Anterior Aspeet of the Ankle 

StructuresThat Pass Anterior to the Extensor 
Retinacula from Medial to Lateral 

■ Saphenous nerve and great saphenons vein (in front of 
the medial malleolns) 

■ Snperfleial peroneal nerve (medial and lateral branehes) 
(Fig. 10.48) 

StructuresThat Pass Beneath orThrough the 
Extensor Retinacula from Medial to Lateral 

■ Tibialis anterior tendon 

■ Extensor hallneis longus tendon 

■ Anterior tibial artery with venae eomitantes 

■ Deep peroneal nerve 

■ Extensor digitornm longus tendons 

■ Peronens tertins (Eig. 10.48) 

As eaeh of the above tendons passes beneath or throngh the 
extensor retinaenla, it is surrounded by a synovial sheath. 
The tendons of extensor digitornm longus and the per- 
oneus tertius share a eommon synovial sheath. 

StructuresThat Pass in Front of the Medial 
Malleolus 

■ Great saphenons vein 

■ Saphenons nerve (Eigs. 10.48 and 10.51) 

Posterior Aspeet of the Ankle 

StructuresThat Pass behind the Medial 
Malleolus beneath the Flexor Retinaculum 
From Medial to Lateral 

■ Tibialis posterior tendon 

■ Elexor digitornm longus 

■ Posterior tibial artery with venae eomitantes 


■ Tibial nerve 

■ Elexor hallneis longus (Eigs. 10.48 and 10.49) 

As eaeh of these tendons passes beneath the flexor retinaen- 
lum, it is surrounded by a synovial sheath. 

StructuresThat Pass behind the Lateral 
Malleolus Superficial to the Superior Peroneal 
Retinaculum 

■ The sural nerve 

■ Small saphenons vein (see Eig. 10.48) 

StructuresThat Pass behind the Lateral 
Malleolus beneath the Superior Peroneal 
Retinaculum 

The peronens longus and brevis tendons (Eigs. 10.48 and 
10.59) share a eommon synovial sheath. Lower down, 
beneath the inferior peroneal retinaculum, they have sepa- 
rate sheaths. 

StructuresThat Lie Direetly behind the Ankle 

The fat and the large tendo ealeanens lie behind the ankle 
(see Eig. 10.48). 

The Foot 

The foot snpports the body weight and provides lever- 
age for walking and rnnning. It is unique in that it is eon- 
strneted in the form of arehes, which enable it to adapt its 
shape to uneven snrfaees. It also serves as a resilient spring 
to absorb shoeks, such as in jnmping. 

The Sole of the Foot 

Skìn 

The skin of the sole of the foot is thiek and hairless. It is 
flrmly bound down to the nnderlying deep faseia by numer- 
ous flbrous bands. The skin shows a few flexure ereases at 
the sites of skin movement. Sweat glands are present in 
large nnmbers. 

The sensory nerve snpply to the skin of the sole of the 
foot is derived from the medial ealeaneal braneh of the 
tibial nerve, which innervates the medial side of the heel; 
branehes from the medial plantar nerve, which innervate 
the medial two thirds of the sole; and branehes from the 
lateral plantar nerve, which innervate the lateral third of 
the sole (Eigs. 10.1 and 10.54). 

Deep Faseia 

The plantar aponenrosis is a triangnlar thiekening of the 
deep faseia that proteets the nnderlying nerves, blood 
vessels, and mnseles (Eig. 10.54). Its apex is attaehed to 
the medial and lateral tnbereles of the ealeanenm. The 
base of the aponenrosis divides into flve slips that pass 
into the toes. 


Basie Anatomy 491 


digital branehes of medial plantar nerve 


digital branehes 
of lateral plantar nerve 


decussating fibers of 
flexor digitorym brevis 


branehes of lateral 
plantar nerve 


branehes of sural nerve 


plantar aponeurosis 



fibrous flexor sheath 


tendon of flexor 


digitorum longus 


tendon of flexor 


digitorum brevis 


branehes of medial 
plantar nerve 


branehes of saphenous nerve 


medial ealeaneal nerve 


FIGURE 10.54 Plantar aponeurosis and cutaneous nerves of the sole of the right foot 



e L I N I e A L N 0 T E S 


Plantar Faseiitis 

Plantar faseiitis, vvhieh occurs in individuals vvho do a great 
deal of standing orvvalking, causes pain andtenderness ofthe 
sole of the foot. It is believed to be caused by repeated minor 
trauma. Repeated attaeks of this eondition induce ossifiea- 
tion in the posterior attaehment of the aponeurosis, forming 
a ealeaneal spur. 

V_y 


Muscles of the Sole of the Foot 

The muscles of the sole are eonveniently deseribed in four 

layers from the inferior layer snperiorly. 

■ First layer: Abdnetor hallneis, f[exor digitornm brevis, 
abdnetor digiti minimi 

■ Seeond layer: Quadratus plantae, inmbrieals, flexor 
digitornm longus tendon, flexor hallneis longus 
tendon 

■ Third layer: Flexor hallneis brevis, addnetor hallneis, 
f[exor digiti minimi brevis 

■ Fonrth layer: Interossei, peronens longus tendon, tibi- 
alis posterior tendon 
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IJnlike the small mnsdes of the hand, the sole mnsdes have 
few delieate fnnetions and are ehiefly eoneerned with sup- 
porting the arehes of the foot. Although their names would 
suggest eontrol of individnal toes, this fnnetion is rarely 
used in most people. 

The musdes of the sole are seen in Fignres 10.55 throngh 
10.59 and are deseribed in Table 10.8. 

LongTendons of the Sole of the Foot 

Flexor Digitorunn LongusTendon 

The flexor digitornm longus tendon enters the sole by 
passing behind the medial malleolns beneath the flexor 


retinaculum (Figs. 10.47 and 10.56). It passes forward aeross 
the medial snrfaee of the sustentaculum tali and then erosses 
the tendon of flexor hallneis longus, from which it reeeives 
a strong slip. It is here that it reeeives on its lateral border 
the insertion of the quadratus plantae muscle. The tendon 
now divides into its four tendons of insertion, which pass 
forward, giving origin to the inmbrieal mnseles. The ten- 
dons then enter the flbrons sheaths of the lateral four toes 
(Fig. 10.54). Eaeh tendon perforates the eorresponding ten- 
don of flexor digitornm brevis and passes on to be inserted 
into the base of the distal phalanx. It should be noted that 
the method of insertion is similar to that found for the 
flexor digitornm profundus in the hand (see page 400). 


decussating fibers of flexor digitorom brevis 


digital nerves and arteries 


lateral plantar artery 


lateral plantar nerve 


abductor digiti minimi 


flexor digitorum brevis 


plantar aponeurosis 



medial plantar artery 


medial plantar nerve 


abductor hallucis 


flexor retinaculum 


medial ealeaneal nerve 


FIGURE 10.55 F irst layer of the plantar muscles of the right foot. Medial and lateral plantar arteries and nerves are also shovvn. 








































































































TABLE 



Muscles of the Sole of the Foot 


Muscle 

Origin 

Insertion 

Nerve Supply 

Nerve Root^ 

Aetion 

First Layer 






Abdoetor halloeis 

Medial tuberosity of 
calcaneum and flexor 
retinaculum 

Base of proximal phalanx of 
big toe 

Medial plantar nerve 

S2,3 

Flexes and abducts big 
toe; braees medial 
longitudinal areh 

Flexor digitorom 
brevis 

Medial tubercle of 
calcaneum 

Four tendons to four lateral 
toes—inserted into borders 
of middle phalanx; tendons 
perforated by those of 
flexor digitorom longus 

Medial plantar nerve 

S2,3 

Flexes lateral four toes; 
braees medial and 
lateral longitudinal 
arehes 

Abdoetor digiti 
minimi 

Medial and lateral tuber- 
eles of calcaneum 

Base of proximal phalanx of 
fifth toe 

Lateral plantar nerve 

S2,3 

Flexes and abducts fifth 
toe; braees lateral 
longitudinal areh 

Seeond Layer 






Quadratus plantae 

Medial and lateral sides 
of calcaneum 

Tendon of flexor digitorom 
longus 

Lateral plantar nerve 

S2,3 

Assists flexor digitorom 
longusin flexing 
lateralfourtoes 

Lumbricals (4) 

Tendons of flexor digito- 
rum longus 

Dorsal extensor expansion; 
bases of proximal phalan- 
ges of lateral four toes 

First lumbrical: medial 
plantar nerve; 
remainder: lateral 
plantar nerve 

S2,3 

Extends toes at inter- 
phalangeal joints 

Flexor digitorum 
longustendon 

See Table 10.7 





Flexor hallucis 
longustendon 

See Table 10.7 





Third Layer 

Flexor hallucis 
brevis 

Cuboid, lateral cunei- 
form, tibialis posterior 
insertion 

Medial tendon into medial side 
of base of proximal phalanx 
of big toe; lateral tendon 
into lateral side of base of 
proximal phalanx of big toe 

Medial plantar nerve 

S2,3 

Flexes metatar- 
sophalangeal joint 
of big toe; supports 
medial longitudinal 
areh 

Adductor hallucis 

Oblique head bases of 

2nd, 3rd, and 4th 
metatarsal bones; 
transverse head from 
plantar ligaments 

Lateral side of base of proxi- 
mal phalanx of big toe 

Deep braneh lateral 
plantar nerve 

S2,3 

Flexes metatar- 
sophalangeal joint 
of big toe; holds 
together metatarsal 
bones 

Flexor digiti minimi 
brevis 

Base of 5th metatarsal 
bone 

Lateral side of base of proxi- 
mal phalanx of little toe 

Lateral plantar nerve 

S2,3 

Flexes metatar- 

sophalangeal joint of 
little toe 

Fonrth Layer 






Interossei 






Dorsal (4) 

Adjaeent sides of meta- 
tarsal bones 

Bases of proximal phalan- 
ges—first: medial side of 
seeond toe; remainder: 
lateral sides of seeond, 
third, and fourth toes—also 
dorsal extensor expansion 

Lateral plantar nerve 

S2,3 

Abduction of toes; 
flexes metatar- 
sophalangeal joints 
and extends inter- 
phalangeal joints 

Plantar (3) 

Inferior surfaces of 

3rd, 4th, and 5th 
metatarsal bones 

Medial side of bases of proxi- 
mal phalanges of lateral 
three toes 

Lateral plantar nerve 

S2,3 

Adduction of toes; flexes 
metatarsophalangeal 
joints and extends 
interphalangeal joints 

Peroneuslongus 
tendon 

See Table 10.6 





Tibialis posterior 
tendon 

See Table 10.7 






^The predominant nerve root sopply is indieated by boldfaee type. 
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lateral plantar artery 



first lombrieal 
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flexor digitorum longus 
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FIGURE 10.56 Seeond layer of the plantar myseles of the right foot. Medial and lateral plantar arteries and nerves are also 
shovvn. 


Flexor Hallucis LongusTendon 

The flexor hallucis longus tendon (Fig. 10.56) enters the 
sole by passing behind the medial malleolns beneath the 
flexor retinaculum. It runs forward below the sustentacu- 
lum tali and erosses deep to the flexor digitornm longus 
tendon, to which it gives a strong slip. It then enters the 
flbrons sheath of the big toe and is inserted into the base of 
the distal phalanx. 

Fibrous Flexor Sheaths The inferior snrfaee of eaeh toe, 
from the head of the metatarsal bone to the base of the dis- 
tal phalanx, is provided with a strong flbrons sheath, which 
is attaehed to the sides of the phalanges (Fig. 10.54). The 


arrangement is similar to that found in the flngers (see page 
398). The flbrons sheath, together with the inferior snrfaees 
of the phalanges and the interphalangeal joints, forms a 
blind tunnel in which lie the flexor tendons of the toe (Fig. 
10.57). 

Synovial Flexor Sheaths The tendons of the flexor hallu- 
eis longus and the flexor digitornm longus are surrounded 
by synovial sheaths (Figs. 10.49 and 10.57). 

Peroneus LongusTendon 

The peronens longus tendon (Fig. 10.59) enters the foot 
from behind the lateral malleolns and runs obliquely aeross 
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fibrous flexor sheath of seeond toe 


digital synovial sheaths 


flexor digitorum longus 


synovial sheath 
of peroneus brevis 


synovial sheath 
of peroneus longus 



flexor hallucis 
longus 


synovial sheath 
of flexor digitorum 
longus 


tibialis posterior 


synovial sheath 
of flexor hallucis longus 


FIGURE 10.57 Synovial sheaths of the tendons seen on the sole of the right foot. 


the sole to be inserted into the base of the first metatar- 
sal bone and the adjaeent part of the medial enneiform. 
The tendon grooves the inferior snrfaee of the enboid 
where it is held in position by the long plantar ligament 
and is snrronnded by a synovial sheath (Fig. 10.57). 

Tibialis PosteriorTendon 

The tibialis posterior tendon (Fig. 10.59) enters the foot 
from behind the medial malleolns. It passes beneath the 
fiexor retinaenlnm and runs downward and forward above 
the sustentaculum tali to be inserted mainly into the tuber- 
osity of the navicular. Small tendinous slips pass to the 
cuboid and the enneiforms and to the bases of the seeond, 
third, and fourth metatarsals. The tendon is surrounded by 
a synovial sheath. 


Arteries of the Sole of the Foot 

Medial Plantar Artery 

The medial plantar artery is the smaller of the terminal 
branehes of the posterior tibial artery (see page 488). It 
arises beneath the fiexor retinaculum and passes forward 
deep to the abdnetor hallneis muscle (Fig. 10.49). It ends by 
snpplying the medial side of the big toe (Fig. 10.55). During 
its course, it gives off numerous muscular, cutaneous, and 
artienlar branehes. 

Lateral Plantar Artery 

The lateral plantar artery is the larger of the terminal 
branehes of the posterior tibial artery (see page 488). It 
arises beneath the fiexor retinaculum and passes forward 
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metatarsal arteries 


plantar areh 


deep braneh of 

lateral plantar nerve 



long plantar ligament 
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FIGURE 10.58 Third layer of the plantar muscles of the right foot. The deep braneh of the lateral plantar nerve and the plantar 
arterial areh are also shovvn. 


deep to the abductor hallucis and the flexor digitorum 
brevis (Figs. 10.49, 10.55, and 10.56). On reaehing the base 
of the 5th metatarsal bone, the artery curves medially to 
form the plantar areh (Fig. 10.58) and at the proximal end 
of the flrst intermetatarsal spaee joins the dorsalis pedis 
artery (Fig. 10.59). During its course, it gives off numerous 
muscular, cutaneous, and artienlar branehes. The plantar 
areh gives off plantar digital arteries to the toes. 

Dorsalis Pedis Artery (The Dorsal Artery 
of the Foot) 

On entering the sole between the two heads of the flrst dor- 
sal interosseons muscle, the dorsalis pedis artery immedi- 
ately joins the lateral plantar artery (Fig. 10.59). 


Branehes The flrst plantar metatarsal artery, which sup- 
plies the eleft between the big and seeond toes. 

Veins of the Sole of the Foot 

Medial and lateral plantar veins aeeompany the eorre- 
sponding arteries, and they unite behind the medial malle- 
olus to form the posterior tibial venae eomitantes. 

Nerves of the Sole of the Foot 

Medial Plantar Nerve 

The medial plantar nerve is a terminal braneh of the tibial 
nerve (see page 489). It arises beneath the flexor retinaen- 
lum (Fig. 10.49) and runs forward deep to the abdnetor 
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FIGLIRE 10.59 Fourth layer of the plantar muscles of the right foot. The deep braneh of the lateral plantar nerve and the plan- 
tar arterial areh are also shovvn. Note the deep transverse ligaments. 


hallucis, with the medial plantar artery (Fig. 10.55). It 
eomes to lie in the interval between the abductor hallucis 
and the flexor digitornm brevis. 

Branehes 

■ Muscular branehes to the abdnetor hallneis, the flexor 
digitornm brevis, the flexor hallneis brevis, and the flrst 
inmbrieal muscle. 

■ Cutaneous branehes: Plantar digital nerves run to the 

sides of the medial three and a half toes (Fig. 10.54). The 
nerves extend onto the dorsum and supply the nail beds 
and the tips of the toes. 


Gompare with the distribntion of the median nerve in the 
palm of the hand. 

Lateral Plantar Nerve 

The lateral plantar nerve is a terminal braneh of the tibial 
nerve (see page 489). It arises beneath the flexor retinaen- 
lum (Fig. 10.49) and runs forward deep to the abdnetor 
hallneis and the flexor digitornm brevis, in eompany with 
the lateral plantar artery (Fig. 10.56). On reaehing the base 
of the flfth metatarsal bone, it divides into snperfleial and 
deep branehes (Fig. 10.56). 
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Branehes 

■ From the main trnnk to the quadratus plantae and 
abdnetor digiti minimi; cutaneous branehes to the skin 
of the lateral part of the sole. 

■ From the snperfieial terminal braneh to the f[exor digiti 
minimi and the interosseons mnseles of the fourth inter- 
metatarsal spaee. Plantar digital branehes pass to the sides 
of the lateral one and a half toes. The nerves extend onto 
the dorsum and supply the nail beds and tips of the toes. 

■ From the deep terminal braneh (Fig. 10.59). This 
braneh curves medially with the lateral plantar artery 
and snpplies the addnetor hallneis; the seeond, third, 
and fourth lumbricals; and all the interossei, except 
those in the fourth intermetatarsal spaee (see snperfieial 
braneh above). 

Gompare with the distribntion of the ulnar nerve in the 
palm of the hand. 

The Dorsum of the Foot 

Skin 

The skin on the dorsum of the foot is thin, hairy, and freely 
mobile on the nnderlying tendons and bones. 

The sensory nerve snpply (Fig. 10.2) to the skin on the 
dorsum of the foot is derived from the superficial peroneal 
nerve, assisted by the deep peroneal, saphenons, and sural 
nerves. 

The snperfieial peroneal nerve emerges from between 
the peronens brevis and the extensor digitornm longus 
muscle in the lower part of the leg (see page 486). It now 
divides into medial and lateral cutaneous branehes that 
supply the skin on the dorsum of the foot; the medial side 
of the big toe; and the adjaeent sides of the seeond, third, 
fourth, and fifth toes. 

The deep peroneal nerve snpplies the skin of the adja- 
eent sides of the big and seeond toes (Fig. 10.2). 

The saphenons nerve passes onto the dorsum of the 
foot in front of the medial malleolns (Fig. 10.2). It snpplies 
the skin along the medial side of the foot as far forward as 
the head of the first metatarsal bone. 

The snral nerve (Fig. 10.1) enters the foot behind the 
lateral malleolns and snpplies the skin along the lateral 
margin of the foot and the lateral side of the little toe. 

The nail beds and the skin eovering the dorsal snrfaees 
of the terminal phalanges are snpplied by the medial and 
lateral plantar nerves (see above). 

Dorsal Venous Areh (or Network) 

The dorsal venous areh lies in the subcutaneous tissue over 
the heads of the metatarsal bones and drains on the medial 
side into the great saphenons vein and on the lateral side 
into the small saphenons vein (Fig. 10.19). The great saphe- 
nous vein leaves the dorsum of the foot by aseending into 
the leg in front of the medial malleolns. Its fiirther course 
is deseribed on page 451. The small saphenons vein aseends 
into the leg behind the lateral malleolns. Its course in the 
baek of the leg is deseribed on page 487. The greater part 
of the blood from the whole foot drains into the areh via 
digital veins and eommnnieating veins from the sole, which 
pass throngh the interosseons spaees. 


Muscles of the Dorsum of the Foot 

Extensor Digitorunn Brevis 

The muscle is seen in Figure 10.60 and deseribed in 
Table 10.9. 

The Insertion of the Long ExtensorTendons 

The tendon of extensor digitornm longus passes beneath 
the snperior extensor retinaculum and throngh the inferior 
extensor retinaculum, in eompany with the peronens tertins 
muscle (Fig. 10.60). The tendon divides into four, which fan 
out over the dorsum of the foot and pass to the lateral four 
toes. Opposite the metatarsophalangeal joints of the seeond, 
third, and fourth toes, eaeh tendon is joined on its lateral 
side by a tendon of extensor digitornm brevis (Fig. 10.60). 

On the dorsal snrfaee of eaeh toe, the extensor tendon 
joins the faseial expansion ealled the extensor expan- 
sion. Near the proximal interphalangeal joint, the extensor 
expansion splits into three parts: a eentral part, which is 
inserted into the base of the middle phalanx, and two lat- 
eral parts, which eonverge to be inserted into the base of the 
distal phalanx (Fig. 10.60). 

The dorsal expansion, as in the fingers, reeeives the ten- 
dons of insertion of the interosseons and inmbrieal mnseles. 

Synovial Sheath of theTendon of Extensor 
Digitorunn Longus 

The extensor digitornm longus and peronens tertins ten- 
dons are surrounded by a eommon synovial sheath as 
they pass beneath the extensor retinaenla (Fig. 10.60). The 
sheath extends proximally for a short distanee above the 
malleoli and distally to the level of the base of the fifth met- 
atarsal bone. 

Artery of the Dorsum of the Foot 

Dorsalis Pedis Artery (the Dorsal Artery 
of the Foot) 

The dorsalis pedis artery begins in front of the ankle joint as 
a eontinnation of the anterior tibial artery (see page 485). 
It terminates by passing downward into the sole between the 
two heads of the first dorsal interosseons muscle, where it 
joins the lateral plantar artery and eompletes the plantar areh 
(Fig. 10.59). It is snperfieial in position and is erossed by the 
inferior extensor retinaculum and the first tendon of extensor 
digitornm brevis (Fig. 10.60). On its lateral side lie the termi- 
nal part of the deep peroneal nerve and the extensor digitornm 
longus tendons. On the medial side lies the tendon of extensor 
haUucis longus (Fig. 10.60). Its pvilsations ean easily be felt. 

Branehes 

■ Lateral tarsal artery, which erosses the dorsum of the 
foot just below the ankle joint (Fig. 10.60). 

■ Arenate artery, which runs laterally under the exten- 
sor tendons opposite the bases of the metatarsal bones 
(Fig. 10.60). It gives off metatarsal branehes to the toes. 

■ First dorsal metatarsal artery, which snpplies both 
sides of the big toe (Fig. 10.60). 

Nerve Supply of the Dorsum of the Foot 

Deep Peroneal Nerve 

The deep peroneal nerve enters the dorsum of the foot by 
passing deep to the extensor retinaenla on the lateral side 
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FIGURE 10.60 Structures in the dorsal aspeet of the right foot. 
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of the dorsalis pedis artery (see page 485). It divides into 
terminal, medial, and lateral branehes. The medial braneh 
snpplies the skin of the adjaeent sides of the big and see- 
ond toes (Fig. 10.60). The lateral braneh snpplies the exten- 
sor digitornm brevis mnsele. Both terminal branehes give 
artienlar branehes to the joints of the foot. 

Joints of the Lower Limb 

The hip joint is fnlly deseribed on page 467. 

Knee Joint 

The knee joint is the largest and most eomplieated joint 
in the body. Basieally, it eonsists of two eondylar joints 
between the medial and lateral eondyles of the femnr and 
the eorresponding eondyles of the tibia, and a gliding joint, 
between the patella and the patellar snrfaee of the femnr. 
Note that the fibnla is not direetly involved in the joint. 

Artiealation 

Above are the ronnded eondyles of the femnr; below are 
the eondyles of the tibia and their eartilaginons menisei 
(Fig. 10.35); in front is the artienlation between the lower 
end of the femnr and the patella. 

The artienlar snrfaees of the femnr, tibia, and patella are 
eovered with hyaline eartilage. Note that the artienlar sur- 
faees of the medial and lateral eondyles of the tibia are often 
referred to elinieally as the medial and lateral tibial plateaus. 

Type 

The joint between the femur and tibia is a synovial joint of 
the hinge variety, but some degree of rotatory movement is 
possible. The joint between the patella and femur is a syno- 
vial joint of the plane gliding variety. 

Capsule 

The eapsnle is attaehed to the margins of the artienlar 
snrfaees and surrounds the sides and posterior aspeet of 
the joint. On the front of the joint, the eapsnle is absent, 
permitting the synovial membrane to pouch upward 
beneath the quadriceps tendon, forming the suprapa- 
tellar bursa (Fig. 10.35). On eaeh side of the patella, the 
eapsnle is strengthened by expansions from the tendons of 
vastus lateralis and medialis. Behind the joint, the eapsnle 
is strengthened by an expansion of the semimembranons 
muscle ealled the oblique popliteal ligament (Fig. 10.35). 
An opening in the eapsnle behind the lateral tibial eondyle 
permits the tendon of the poplitens to emerge (Fig. 10.35). 

Ligaments 

The ligaments may be divided into those that lie ontside the 
eapsnle and those that lie within the eapsnle. 

Extracapsular Ligaments 

The ligamentum patellae is attaehed above to the lower bor- 
der of the patella and below to the tnberosity of the tibia (Fig. 
10.35). It is, in faet, a eontinnation of the eentral portion of 
the eommon tendon of the quadriceps femoris muscle. 

The lateral eollateral ligament is eordlike and is attaehed 
above to the lateral eondyle of the femur and below to the 


head of the fibula (Fig. 10.35). The tendon of the poplitens 
muscle intervenes between the ligament and the lateral 
menisens (Fig. 10.61). 

The medial eollateral ligament is a flat band and is 
attaehed above to the medial eondyle of the femur 
and below to the medial snrfaee of the shaft of the tibia 
(Fig. 10.35). It is firmly attaehed to the edge of the medial 
menisens (Fig. 10.61). 

The oblique popliteal ligament is a tendinons expan- 
sion derived from the semimembranosns muscle. It 
strengthens the posterior aspeet of the eapsnle (Fig. 10.35). 

Intracapsular Ligaments 

The erneiate ligaments are two strong intraeapsnlar liga- 
ments that eross eaeh other within the joint eavity (Fig. 
10.35). They are named anterior and posterior, aeeording 
to their tibial attaehments (Fig. 10.61). These important 
ligaments are the main bond between the femur and the 
tibia throughout the joint s range of movement. 

Anterior Grneiate Ligament The anterior erneiate liga- 
ment (ACL) is attaehed to the anterior intereondylar area 
of the tibia and passes upward, backward, and laterally, to 
be attaehed to the posterior part of the medial snrfaee of 
the lateral femoral eondyle (Figs. 10.35 and 10.61). The 
ACL prevents posterior displaeement of the femur on the 
tibia. With the knee joint fiexed, the ACL prevents the tibia 
from being pulled anteriorly. 

Posterior Grneiate Ligament The posterior erneiate lig- 
ament (PCL) is attaehed to the posterior intereondylar area 
of the tibia and passes upward, forward, and medially to 
be attaehed to the anterior part of the lateral snrfaee of the 
medial femoral eondyle (Figs. 10.35 and 10.61). The PCL 
prevents anterior displaeement of the femur on the tibia. 
With the knee joint fiexed, the PCL prevents the tibia from 
being pulled posteriorly. 

Menisei The menisei are C-shaped sheets of fibroear- 
tilage. The peripheral border is thiek and attaehed to the 
eapsnle, and the inner border is thin and eoneave and 
forms a free edge (Figs. 10.35 and 10.61). The upper sur- 
faees are in eontaet with the femoral eondyles. The lower 
snrfaees are in eontaet with the tibial eondyles. Their fime- 
tion is to deepen the artienlar snrfaees of the tibial eondyles 
to reeeive the convex femoral eondyles; they also serve as 
enshions between the two bones. 

Eaeh menisens is attaehed to the upper surface of the 
tibia by anterior and posterior horns. Beeanse the medial 
menisens is also attaehed to the medial eollateral ligament, 
it is relatively immobile. 

Synovial Membrane 

The synovial membrane lines the eapsnle and is attaehed 
to the margins of the artienlar snrfaees (Figs. 10.35 and 
10.61). On the front and above the joint, it forms a pouch, 
which extends up beneath the quadriceps femoris mus- 
ele for three fingerbreadths above the patella, forming the 
suprapatellar bursa. This is held in position by the attaeh- 
ment of a small portion of the vastus intermedius muscle, 
ealled the articularis genus muscle (Fig. 10.35). 

At the baek of the joint, the synovial membrane is pro- 
longed downward on the deep snrfaee of the tendon of the 
poplitens, forming the popliteal bursa. A bursa is interposed 
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FIGURE 10.61 Relations of the right knee joint. 


between the medial head of the gastroenemins and the 
medial femoral eondyle and the semimembranosns tendon; 
this is termed the semimembranosus bursa, and it fre- 
quently communicates with the synovial eavity of the joint. 

The synovial membrane is refleeted forward ffom the 
posterior part of the eapsnle around the front of the erneiate 
ligaments (Fig. 10.61). As a result, the cruciate ligaments lie 
behind the synovial eavity and are not bathed in synovial finid. 

In the anterior part of the joint, the synovial membrane 
is refleeted backward from the posterior snrfaee of the liga- 
mentum patellae to form the infrapatellar fold; the free 
borders of the fold are termed the alar folds (Fig. 10.61). 

Bursae Related to the Knee Joint 

Numerous bursae are related to the knee joint. They are 
found wherever skin, muscle, or tendon rubs against bone. 
Four are situated in front of the joint and six are found 
behind the joint. The snprapatellar bursa and the popliteal 
bursa always eommnnieate with the joint, and the semi- 
membranosus bursa may eommnnieate with the joint. 

Anterior Bursae 

■ The suprapatellar bursa lies beneath the quadri- 
eeps muscle and eommnnieates with the joint eavity 
(Fig. 10.35). It is deseribed above. 

■ The prepatellar bursa lies in the subcutaneous tissue 
between the skin and the front of the lower half of the 


patella and the upper part of the ligamentum patellae 
(Figs. 10.35 and 10.61). 

■ The superficial infrapatellar bursa lies in the subcuta- 
neous tissue between the skin and the front of the lower 
part of the ligamentnm patellae (Fig. 10.35). 

■ The deep infrapatellar bursa lies between the ligamen- 
tum patellae and the tibia (Fig. 10.35). 

Posterior Bursae 

■ The popliteal bursa is found in assoeiation with the ten- 
don of the poplitens and eommnnieates with the joint 
eavity. It was deseribed previonsly. 

■ The semimembranosus bursa is found related to the 
insertion of the semimembranosns muscle and may 
eommnnieate with the joint eavity. It was deseribed 
previonsly. 

The remaining four bursae are found related to the tendon 
of insertion of the bieeps femoris; related to the tendons of 
the sartorins, graeilis, and semitendinosns mnseles as they 
pass to their insertion on the tibia; beneath the lateral head 
of origin of the gastroenemins muscle; and beneath the 
medial head of origin of the gastroenemins muscle. 

Nerve Supply 

The femoral, obturator, eommon peroneal, and tibial 
nerves supply the knee joint. 
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Movements 

The knee joint ean flex, extend, and rotate. As the knee joint 
assnmes the position of fnll extension/ medial rotation of 
the femnr resnlts in a twisting and tightening of all the major 
ligaments of the joint, and the knee beeomes a meehanieally 
rigid strnetnre; the eartilaginons menisei are eompressed like 
rnbber enshions between the femoral and tibial eondyles. 
The extended knee is said to be in the loeked position. 

Before flexion of the knee joint ean oeenr, it is essen- 
tial that the major ligaments be untwisted and slaekened to 
permit movements between the joint surfaces. This unlock- 
ing or untwisting proeess is aeeomplished by the poplitens 
muscle, which laterally rotates the femur on the tibia. Onee 
again, the menisei have to adapt their shape to the ehang- 
ing eontonr of the femoral eondyles. The attaehment of the 
poplitens to the lateral menisens resnlts in that structure 
being pulled backward also. 

When the knee joint is flexed to a right angle, a eonsid- 
erable range of rotation is possible. In the flexed position, 
the tibia ean also be moved passively forward and backward 
on the femur. This is possible because the major ligaments, 
espeeially the erneiate ligaments, are slaek in this position. 
The following mnseles prodnee movements of the knee joint. 

Flexion 

The bieeps femoris, semitendinosns, and semimembrano- 
sus muscles, assisted by the graeilis, sartorius, and poplitens 


^Note that when the foot is firmly planted on the gronnd when a person 
is standing, the femnr is medially rotated on the tibia to loek and stabi- 
lize the knee joint. However, if the foot is raised off the gronnd, the tibia 
may be laterally rotated on the femnr to loek the knee joint. 


mnseles, prodnee flexion. Flexion is limited by the eontaet 
of the baek of the leg with the thigh. 

Extension 

The quadriceps femoris produces extension. Extension is 
limited by the tension of all the major ligaments of the joint. 

Medial Rotation 

The sartorins, graeilis, and semitendinosns prodnee medial 
rotation. 

Lateral Rotation 

The bieeps femoris prodnees lateral rotation. 

The stability of the knee joint depends on the tone of 
the strong mnseles aeting on the joint and the strength 
of the ligaments. Of these faetors, the tone of the mus- 
eles is the most important, and it is the job of the physi- 
otherapist to build up the strength of these mnseles, 
espeeially the quadriceps femoris, after injury to the 
knee joint. 

Innportant Relations 

■ Anteriorly: The prepatellar bursa (Fig. 10.61) 

■ Posteriorly: The popliteal vessels; tibial and eommon 
peroneal nerves; lymph nodes; and the mnseles that 
form the bonndaries of the popliteal fossa, namely, the 
semimembranosns, the semitendinosns, the bieeps fem- 
oris, the two heads of the gastroenemins, and the plan- 
taris (Fig. 10.61) 

■ Medially: Sartorins, graeilis, and semitendinosns mus- 
eles (Fig. 10.61) 

■ Laterally: Bieeps femoris and eommon peroneal nerve 
(Fig. 10.61) 
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Strength of the Knee Joìnt 

The strength of the knee joint depends on the strength of the 
ligaments that bind the femur to the tibia and on the tone of the 
muscles aeting on the joint. The most important muscle group is 
the quadriceps femoris; provided that this is well developed, it is 
eapable of stabilizing the knee in the presenee of torn ligaments. 

Knee Injnry and the Synovial Membrane 

The synovial membrane of the knee joint is extensive, and if the 
articular surfaces, menisei, or ligaments of the joint are dam- 
aged,the large synovial eavity beeomes distended with fluid. The 
wide communication between the suprapatellar bursa and the 
joint eavity results in this structure beeoming distended also. The 
swelling of the knee extends three or four fingerbreadths above 
the patella and laterally and medially beneath the aponeuroses 
of insertion of the vastus lateralis and medialis, respeetively. 

Ligamentoos Injnry of the Knee Joínt 

Four ligaments—the medial eollateral ligament, the lateral eol- 
lateral ligament, the ACL, and the PCL—are eommonly injured 
in the knee. Sprains or tears occur depending on the degree of 
foree applied. 


Medial Gollateral Ligament 

Foreed abduction of the tibia on the femur ean result in partial 
tearing of the medial eollateral ligament, which ean occur at its 
femoral or tibial attaehments. It is useful to remember that tears 
of the menisei result in loealized tenderness on the joint line, 
whereas sprains of the medial eollateral ligament result in ten- 
derness over the femoral or tibial attaehments of the ligament. 

Lateral Collateral Ligament 

Foreed adduction of the tibia on the femur ean result in injury 
to the lateral eollateral ligament (less eommon than medial liga- 
ment injury). 

Cruciate Ligaments 

lnjury to the cruciate ligaments ean occur when excessive foree 
is applied to the knee joint. 

Tears ofthe ACLare eommon. Itisthe mostfrequently injured 
ligament in the body, for which surgery is performed. The eondi- 
tion is more eommon in women and this may be explained by the 
different alignment of the thigh on the leg in women assoeiated 
with the wider pelvis. There is also an inereased risk in women 
during the preovulatory phase of the menstrual eyele, possibly 



(continuedl 
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due to the influence of the female sex hormones. Tears of the 
PCL are rare. 

Injury to the cruciate ligaments is alvvays aeeompanied by 
damage to other knee structures; the eollateral ligaments are 
eommonly torn, orthe capsule may be damaged. The joint eavity 
quickly fills vvith blood (hemarthrosis) so that the joint is svvol- 
len. Examination of patients vvith a ruptured anterior cruciate 
ligament shovvs that the tibia ean be pulled excessively forvvard 
on the femur; vvith rupture of the posterior cruciate ligament, the 
tibia ean be made to move excessively baekvvard on the femur 
(Fig. 10.62). Because the stability of the knee joint depends 
largely on the tone of the quadriceps femoris muscle and the 
integrity of the eollateral ligaments, operative repair of isolated 
torn cruciate ligaments is not alvvays attempted. The knee is 
immobilized in slight flexion in a east, and aetive physiotherapy 
on the quadriceps femoris muscle is begun at onee. Should, 
hovvever, the capsule of the joint and the eollateral ligaments be 
torn in addition, early operative repair is essential. 

Meniseal Injnry of the Knee Joínt 

lnjuries of the menisei are eommon. The medial meniscus is 
damaged much more frequently than the lateral, and this is 
probably because of its strong attaehment to the medial eollat- 
eral ligament of the knee joint, vvhieh restriets its mobility. The 
injury occurs vvhen the femur is rotated on the tibia, or the tibia 
is rotated on the femur, vvith the knee joint partially flexed and 
taking the vveight of the body. The tibia is usually abducted on 


the femur, and the medial meniscus is pulled into an abnormal 
position betvveen the femoral and tibial eondyles (Fig. 10.62A). A 
sudden movement betvveen the eondyles results in the meniscus 
being subjected to a severe grinding foree, and it splits along its 
length (Fig. 10.63). When the torn part of the meniscus beeomes 
vvedged betvveen the articular surfaces, further movement is 
impossible, and the joint is said to "loek." 

Injury to the lateral meniscus is less eommon, probably 
because it is not attaehed to the lateral eollateral ligament of 
the knee joint and is consequently more mobile. The popliteus 
muscle sends a fevv of its fibers into the lateral meniscus, and 
these ean pull the meniscus into a more favorable position dur- 
ing sudden movements of the knee joint. 

Pneumoai1hrography 

Air ean be injeeted into the synovial eavity of the knee joint so 
that soft tissues ean be studied. This technique is based on 
the faet that air is less radiopaque than structures such as the 
medial and lateral menisei, so their outline ean be visualized on 
a radiograph (Fig. 10.76). 

Arthroseopy 

Arthroseopy involves the introduction of a lighted instrument 
into the synovial eavity ofthe knee jointthrough a small ineision. 
This technique permits the direet visualization of structures, 
such as the cruciate ligaments and the menisei, for diagnostie 
purposes. 
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FIGLIRE 10.62 A. Meehanism involved in damage to the medial meniscus of the knee joint from playing football. Note that the 
right knee joint is semiflexed and that medial rotation of the femur on the tibia occurs.The impaet causes foreed abduction 
of the tibia on the femur, and the medial meniscus is pulled into an abnormal position.The cartilaginous meniscus is then 
ground betvveen the femur and the tibia. B.Test for integrity of the anterior cruciate ligament (ACL). G.Test for integrity of the 
posterior cruciate ligament (PCL). 
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medial menise 






Type 

This is a synovial, plane, gliding joint. 

Capsule 

The eapsnle snrronnds the joint and is attaehed to the mar- 
gins of the artienlar snrfaees. 

Ligaments 

Anterior and posterior ligaments strengthen the eapsnle. 
The interosseons membrane, which eonneets the shafts of 
the tibia and fibnla together, also greatly strengthens the joint. 

Synovial Membrane 

The synovial membrane lines the eapsnle and is attaehed to 
the margins of the artienlar snrfaees. 


FIGURE 10.63 Tears of the medial meniscus of the knee 
joint. A. Gomplete bucket handle tear. B.The meniscus is 
torn from its peripheral attaehment. G.Tear of the posterior 
portion of the meniscus. D.Tear of the anterior portion of 
the meniscus. 


Nerve Supply 

The eommon peroneal nerve snpplies the joint. 

Movements 

A small amonnt of gliding movement takes plaee dnring 
movements at the ankle joint. 


Proximal Tibiofìbular Joint 

Articulatìon 

Artienlation is between the lateral eondyle of the tibia and 
the head of the fibnla (Fig. 10.35). The artienlar snrfaees are 
fiattened and eovered by hyaline eartilage. 


Distal Tibiofibular Joint 

Articulatìon 

Artienlation is between the fibnlar noteh at the lower end 
of the tibia and the lower end of the fibnla (Figs. 10.64 and 
10.65). The opposed bony snrfaees are ronghened. 
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FIGURE 10.64 The right ankle joint as seen from the medial aspeet (A) and the lateral aspeet (B). 
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FIGURE 10.65 The right ankle joint as seen fronn the posterior aspeet (A) and in eoronal seetion (B) 


Type 

The distal tibiofibular joint is a fibrous joint. 

Capsule 

There is no eapsnle. 

Ligaments 

The interosseous ligament is a strong, thiek band of 
fibrons tissue that binds the two bones together. The inter- 
osseous membrane, which eonneets the shafts of the tibia 
and fibula together, also greatly strengthens the joint. 

The anterior and posterior ligaments are fiat bands of 
fibrons tissue eonneeting the two bones together in front 
and behind the interosseons ligament. 

The inferior transverse ligament runs from the medial 
snrfaee of the upper part of the lateral malleolus to the pos- 
terior border of the lower end of the tibia. 

Nerve Supply 

Deep peroneal and tibial nerves supply the joint. 

Movements 

A small amount of movement takes plaee during move- 
ments at the ankle joint. 


Ankle Joint 

The ankle joint eonsists of a deep soeket formed by the 
lower ends of the tibia and fibula, into which is fitted the 
upper part of the body of the talus. The talus is able to 
move on a transverse axis in a hingelike manner. The shape 
of the bones and the strength of the ligaments and the sur- 
rounding tendons make this joint strong and stable. 

Airticulation 

Artienlation is between the lower end of the tibia, the two 
malleoli, and the body of the talus (Figs. 10.64 and 10.65). 
The inferior transverse tibiofibnlar ligament, which runs 
between the lateral malleolns and the posterior border of 
the lower end of the tibia, deepens the soeket into which 
the body of the talus fits snugly. The articular surfaces are 
eovered with hyaline eartilage. 

Type 

The ankle is a synovial hinge joint. 

Capsule 

The eapsnle eneloses the joint and is attaehed to the bones 
near their artienlar margins. 
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Ligaments 

The medial, or deltoid, ligament is strong and is 
attaehed by its apex to the tip of the medial malleolns 
(Fig. 10.65). Below, the deep fibers are attaehed to the 
nonartienlar area on the medial snrfaee of the body of 
the talns; the snperfieial fibers are attaehed to the medial 
side of the talns, the sustentaculum tali, the plantar 
ealeaneonavienlar ligament, and the tnberosity of the 
navienlar bone. 

The lateral ligament is weaker than the medial ligament 
and eonsists of three bands. 

The anterior talofibnlar ligament (Fig. 10.64) runs 
from the lateral malleolns to the lateral snrfaee of the 
talus. 

The ealeaneofibnlar ligament (Fig. 10.64) runs from 
the tip of the lateral malleolns downward and backward to 
the lateral snrfaee of the ealeanenm. 

The posterior talofibnlar ligament (Fig. 10.64) runs 
from the lateral malleolns to the posterior tnberele of the 
talus. 

Synovial Membrane 

The synovial membrane lines the eapsnle. 

Nerve Supply 

Deep peroneal and tibial nerves supply the ankle joint. 

Movements 

Dorsif[exion (toes pointing upward) and plantar f[exion 
(toes pointing downward) are possible. The movements of 
inversion and eversion take plaee at the tarsal joints and not 

at the ankle joint. 

Dorsiflexion is performed by the tibialis anterior, 
extensor hallneis longus, extensor digitornm longus, and 


peronens tertins. It is limited by the tension of the tendo 
ealeanens, the posterior fibers of the medial ligament, and 
the ealeaneofibnlar ligament. 

Plantar flexion is performed by the gastroenemins, 
soleus, plantaris, peronens longus, peroneus brevis, tibialis 
posterior, fiexor digitorum longus, and fiexor hallneis lon- 
gus. It is limited by the tension of the opposing mnseles, 
the anterior fibers of the medial ligament, and the anterior 
talofibnlar ligament. 

Note that during dorsifiexion of the ankle joint, the 
wider anterior part of the artienlar snrfaee of the talus is 
foreed between the medial and lateral malleoli, eansing 
them to separate slightly and tighten the ligaments of the 
distal tibiofibnlar joint. This arrangement greatly inereases 
the stability of the ankle joint when the foot is in the ini- 
tial position for major thrnsting movements in walking, 
rnnning, and jnmping. 

Note also that when the ankle joint is fully plantar fiexed, 
the ligaments of the distal tibiofibnlar joint are less taut and 
small amonnts of rotation, abdnetion, and addnetion are 
possible. 

Important Relations 

■ Anteriorly: The tibialis anterior, the extensor hallneis 
longus, the anterior tibial vessels, the deep peroneal 
nerve, the extensor digitornm longus, and the peronens 
tertins (Fig. 10.48) 

■ Posteriorly: The tendo ealeanens and plantaris (Fig. 
10.48) 

■ Posterolaterally (behind the lateral malleolns): The 

peronens longus and brevis (Fig. 10.46) 

■ Posteromedially (behind the medial malleolns): The 

tibialis posterior, the fiexor digitornm longus, the poste- 
rior tibial vessels, the tibial nerve, and the f[exor hallneis 
longus (Fig. 10.48) 



Ankle Joìnt Stabìlìty 

The ankle joint is a hinge joint possessing great stability. The 
deep mortise formed by the lovver end of the tibia and the medial 
and lateral malleoli seeorely holds the talus in position. 

Aente Spraìns of the "Lateral Ankle" 

Acute sprains of the lateral ankle are usually caused by exces- 
sive inversion of the foot vvith plantar flexion of the ankle. The 
anterior talofibular ligament and the calcaneofibular ligament 
are partially torn, giving rise to great pain and loeal svvelling. 

Aente Sprains of the "Medíal Ankle" 

Acute sprains of the medial ankle are similar to but less eom- 
mon than those of the lateral ankle. They may occurto the medial 
or deltoid ligament as a result of excessive eversion. The great 
strength of the medial ligament usually results in the ligament 
pulling off the tip of the medial malleolus. 


Fraetnre Dísloeatíons of the Ankle Joínt 

Fracture disloeations of the ankle are eommon and are caused 
by foreed external rotation and overeversion of the foot. The 
talus is externally rotated foreibly againstthe lateral malleolus of 
the fibula. The torsion effeet on the lateral malleolus causes itto 
fracture spirally. If the foree continues, the talus moves laterally, 
andthe medial ligament ofthe ankle jointbecomestautand pulls 
off the tip of the medial malleolus. If the talus is foreed to move 
still farther, its rotary movement results in its violent eontaet vvith 
the posterior inferior margin of the tibia, vvhieh shears off. 

Other less eommon types of fracture disloeation are caused 
by foreed overeversion (vvithout rotation), in vvhieh the talus 
presses the lateral malleolus laterally and causes it to fracture 
transversely. Overinversion (vvithout rotation), in vvhieh the talus 
presses against the medial malleolus, produces a vertieal frae- 
ture through the base of the medial malleolus. 
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Tarsal Joints 

Subtalar Joint 

The subtalar joint is the posterior joint between the talus 
and the ealeanenm. 

Artieylation 

Artienlation is between the inferior snrfaee of the body of 
the talus and the faeet on the middle of the upper surface of 
the calcaneum (Fig. 10.37). The articular smfaees are eov- 
ered with hyaline eartilage. 

Type 

These joints are synovial, of the plane variety. 

Capsule 

The eapsnle eneloses the joint and is attaehed to the mar- 
gins of the artienlar areas of the two bones. 

Ligannents 

Medial and lateral (taloealeaneal) ligaments strengthen 
the eapsnle. The interosseons (taloealeaneal) ligament 

(Fig. 10.65) is strong and is the main bond of union 
between the two bones. It is attaehed above to the sulcus 
tali and below to the sulcus ealeanei. 

Synovial Mennbrane 

The synovial membrane lines the eapsnle. 

Movennents 

Gliding and rotatory movements are possible. 

Talocalcaneonavicular Joint 

The taloealeaneonavienlar joint is the anterior joint 
between the talus and the ealeanenm and also involves the 
navienlar bone (Fig. 10.37). 

Articulation 

Artienlation is between the ronnded head of the talus, the 
upper surface of the sustentaculum tali, and the posterior 
eoneave snrfaee of the navienlar bone. The artienlar sur- 
faees are eovered with hyaline eartilage. 

Type 

The joint is a synovial joint. 

Capsule 

The eapsnle ineompletely eneloses the joint. 

Ligannents 

The plantar ealeaneonavienlar ligament is strong and 
runs from the anterior margin of the sustentaculum tali to 
the inferior snrfaee and tnberosity of the navienlar bone. 
The snperior snrfaee of the ligament is eovered with fibro- 
eartilage and snpports the head of the talus. 

Synovial Membrane 

The synovial membrane lines the eapsnle. 

Movements 

Gliding and rotatory movements are possible. 


Calcaneocuboid Joint 

Articulation 

Artienlation is between the anterior end of the ealeanenm 
and the posterior snrfaee of the cuboid (Fig. 10.37). The 
articular surfaces are eovered with hyaline eartilage. 

Type 

The ealeaneoenboid joint is synovial, of the plane variety. 

Capsule 

The eapsnle eneloses the joint. 

Ligaments 

The biftireated ligament is a strong ligament on the upper 
surface of the joint (Fig. 10.64). It is Y shaped, and the stem 
is attaehed to the upper surface of the anterior part of the 
ealeanenm. The lateral limb is attaehed to the upper surface 
of the cuboid, and the medial limb to the upper surface of 
the navicular bone. 

The long plantar ligament is a strong ligament on 
the lower snrfaee of the joint (Figs. 10.58 and 10.59). It is 
attaehed to the undersurface of the calcaneum behind and 
to the undersurface of the cuboid and the bases of the third, 
fourth, and fifth metatarsal bones in front. It bridges over 
the groove for the peronens longus tendon, eonverting it 
into a tunnel. 

The short plantar ligament is a wide, strong ligament 
that is attaehed to the anterior tnberele on the undersurface 
of the calcaneum and to the adjoining part of the cuboid 
bone (Fig. 10.59). 

Synovial Membrane 

The synovial membrane lines the eapsnle. 

Movements in the Subtalar,Talocalcaneonavicular, 
and Calcaneocuboid Joints 

The taloealeaneonavienlar and the ealeaneoenboid joints 
are together referred to as the midtarsal or transverse tar- 
sal joints. 

The important movements of inversion and eversion 
of the foot take plaee at the snbtalar and transverse tarsal 
joints. Inversion is the movement of the foot so that the 
sole faees medially. Eversion is the opposite movement of 
the foot so that the sole faees in the lateral direetion. The 
movement of inversion is more extensive than eversion. 

Inversion is performed by the tibialis anterior, the exten- 
sor hallneis longus, and the medial tendons of extensor 
digitornm longus; the tibialis posterior also assists. 

Eversion is performed by the peronens longus, peroneus 
brevis, and peronens tertins; the lateral tendons of the 
extensor digitornm longus also assist. 

Cuneonavicular Joint 

The cuneonavicular joint is the articulation between the 
navienlar bone and the three enneiform bones. It is a syno- 
vial joint of the gliding variety. The capsule is strengthened 
by dorsal and plantar ligaments. The joint eavity is eon- 
tinuous with those of the intercuneiform and cuneocuboid 
joints and also with the enneometatarsal and intermetatar- 
sal joints, between the bases of the 2nd and 3rd and the 3rd 
and 4th metatarsal bones. 
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Cuboideonavicular Joint 

The cuboideonavicular joint is usually a fibrous joint, with 
the two bones eonneeted by dorsal, plantar, and interosse- 
ous ligaments. 

lntercuneiform and Cuneocuboid Joints 

The interenneiform and cuneocuboid joints are syno- 
vial joints of the plane variety. Their joint eavities are 
continuous with that of the cuneonavicular joint. The 
bones are eonneeted by dorsal, plantar, and interosseons 
ligaments. 

Tarsometatarsal and Intermetatarsal 
Joints 

The tarsometatarsal and intermetatarsal joints are synovial 
joints of the plane variety. The bones are eonneeted by dor- 
sal, plantar, and interosseons ligaments. The tarsometatar- 
sal joint of the big toe has a separate joint eavity. 

Metatarsophalangeal and 
Interphalangeal Joints 

The metatarsophalangeal and interphalangeal joints elosely 
resemble those of the hand (see page 412). The deep trans- 
verse ligaments eonneet the joints of the five toes. 

The movements of abdnetion and addnetion of the 
toes, performed by the interossei mnseles, are minimal and 
take plaee from the midline of the seeond digit and not the 
third, as in the hand. 
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Metatarsophalangeal Joint of the Big Toe 

Hallux valgus, vvhíeh ís a lateral devíation of the great toe 
atthe metatarsophalangeal joint, is a eommon eondition. Its 
ineidenee is greater in vvomen than in men and is assoeiated 
vvith badly fitting shoes. It is often aeeompanied by the pres- 
enee of a short Ist metatarsal bone. Onee the deformity is 
established, it is progressively vvorsened by the pull of the 
flexor hallucis longus and extensor hallucis longus muscles. 
Later, osteoarthritie ehanges occur in the metatarsophalan- 
geal joint, vvhieh then beeomes stiff and painful; the eondition 
is then knovvn as hallux rigidus. 

V___ J 

The Foot as a Functional IJnit 

The Foot as a Weight Bearer 
and a Lever 

The foot has two important fimetions: to snpport the body 
weight and to serve as a lever to propel the body forward in 
walking and rnnning. If the foot possessed a single strong 
bone instead of a series of small bones, it could sustain the 
body weight and serve well as a rigid lever for forward pro- 
pnlsion (Fig. 10.66). However, with such an arrangement, 
the foot could not adapt itself to uneven snrfaees, and the 


forward propnlsive aetion would depend entirely on the 
aetivities of the gastroenemins and soleus muscles. Because 
the lever is segmented with mnltiple joints, the foot is pli- 
able and ean adapt itself to uneven snrfaees. Moreover, the 
long fiexor mnseles and the small mnseles of the foot ean 
exert their aetion on the bones of the forepart of the foot 
and toes (i.e., the takeoff point of the foot) and greatly 
assist the forward propnlsive aetion of the gastroenemins 
and soleus muscles (Fig. 10.66). 

The Arehes of the Foot 

A segmented structure ean hold up weight only if it is built 
in the form of an areh. The foot has three such arehes, which 
are present at birth: the medial longitudinal, lateral longi- 
tudinal, and transverse arehes (Fig. 10.67). In the young 
ehild, the foot appears to be fiat beeanse of the presenee of 
a large amount of subcutaneous fat on the sole of the foot. 

On examination of the imprint of a wet foot on the fioor 
made with the person in the standing position, one ean see 
that the heel, the lateral margin of the foot, the pad under 
the metatarsal heads, and the pads of the distal phalanges 
are in eontaet with the ground (Fig. 10.67). The medial mar- 
gin of the foot, from the heel to the Ist metatarsal head, is 
arehed above the ground beeanse of the important medial 
longitndinal areh. The pressnre exerted on the ground by 
the lateral margin of the foot is greatest at the heel and the 
5th metatarsal head and least between these areas beeanse of 
the presenee of the low-lying lateral longitndinal areh. The 
transverse areh involves the bases of the five metatarsals and 
the cuboid and enneiform bones. This is, in faet, only half 
an areh, with its base on the lateral border of the foot and 
its summit on the foot s medial border. The foot has been 
likened to a half-dome, so that when the medial borders of 
the two feet are plaeed together, a eomplete dome is formed. 

From this deseription, it ean be nnderstood that the 
body weight on standing is distribnted throngh a foot via 
the heel behind and six points of eontaet with the ground 
in front, namely, the two sesamoid bones under the head 
of the first metatarsal and the heads of the remaining four 
metatarsals. 

The Bones of the Arehes 

An examination of an artienlated foot or a lateral radio- 
graph of the foot shows the bones that form the arehes. 

■ Medial longitudinal areh: This eonsists of the ealea- 
neum, the talus, the navicular bone, the three enneiform 
bones, and the first three metatarsal bones (Fig. 10.63). 

■ Lateral longitndinal areh: This eonsists of the ealea- 
neum, the cuboid, and the 4th and 5th metatarsal bones 
(Fig. 10.67). 

■ Transverse areh: This eonsists of the bases of the met- 
atarsal bones and the cuboid and the three enneiform 
bones (Fig. 10.67). 

Meehanisms of Areh Support 

Examination of the design of any stone bridge reveals 
the following engineering methods used for its support 
(Fig. 10.68): 

■ The shape of the stones: The most effeetive way of sup- 
porting the areh is to make the stones wedge shaped, 
with the thin edge of the wedge lying inferiorly. This 
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FIGURE 10.66 The foot as a simple lever (A) and as a segmented lever (B). Floor prints of a normal foot and a flat foot are also 
shovvn. 


applies particularly to the important stone that occupies 
the eenter of the areh and is referred to as the “keystone.” 

■ The inferior edges of the stones are tied together: This 
is aeeomplished by interloeking the stones or bind- 
ing their lower edges together with metal staples. This 
method effeetively eonnteraets the tendeney of the lower 
edges of the stones to separate when the areh is weight 
bearing. 

■ The use of the tie beams: When the span of the bridge 
is large and the foundations at either end are insecure, a 
tie beam eonneeting the ends effeetively prevents sepa- 
ration of the pillars and consequent sagging of the areh. 

■ A suspension bridge: Here, the maintenanee of the areh 
depends on multiple supports suspending the areh from 
a eable above the level of the bridge. 

Using the bridge analogy, one ean now examine the meth- 

ods used to support the arehes of the feet (Fig. 10.68). 

Maintenanee of the Medial Longitudinal Areh 

■ Shape of the bones: The sustentaculum tali holds up the 
talus; the eoneave proximal snrfaee of the navicular bone 


reeeives the ronnded head of the talus; the slight eoneav- 
ity of the proximal snrfaee of the medial cuneiform bone 
reeeives the navicular. The rounded head of the talus is 
the keystone in the eenter of the areh (Fig. 10.68). 

■ The inferior edges of the bones are tied together by the 
plantar ligaments, which are larger and stronger than 
the dorsal ligaments. The most important ligament is 
the plantar ealeaneonavienlar ligament (Fig. 10.68). The 
tendinous extensions of the insertion of the tibialis pos- 
terior muscle play an important role in this respeet. 

■ Tying the ends of the areh together are the plantar 
aponenrosis, the medial part of the flexor digitornm 
brevis, the abductor hallucis, the f[exor hallucis longus, 
the medial part of the flexor digitorum longus, and the 
f[exor hallucis brevis (Fig. 10.68). 

■ Snspending the areh from above are the tibialis anterior 
and posterior and the medial ligament of the ankle joint. 

Maintenanee ofthe Lateral Longitudinal Areh 

■ Shape of the bones: Minimal shaping of the distal end 
of the ealeanenm and the proximal end of the cuboid. 
The cuboid is the keystone. 
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FIGURE 10.67 Bones forming the medial longitudinal, lateral longitudinal, and transverse arehes of the right foot 
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FIGURE 10.68 Different methods by vvhieh the arehes of the foot may be supported. 


■ The inferior edges of the bones are tied together by the 

long and short plantar ligaments and the origins of the 
short mnseles from the forepart of the foot (Fig. 10.68). 

■ Tying the ends of the areh together are the plantar 
aponenrosis, the abdnetor digiti minimi, and the lateral 
part of the f[exor digitornm longns and brevis. 

■ Snspending the areh from above are the peronens lon- 
gus and the brevis (Fig. 10.68). 

Maintenanee of theTransverse Areh 

■ Shape of the bones: The marked wedge shaping of the 
cuneiform bones and the bases of the metatarsal bones 
(Fig. 10.67). 

■ The inferior edges of the bones are tied together by the 

deep transverse ligaments, the strong plantar ligaments, 
and the origins of the plantar mnseles from the forepart 
of the foot; the dorsal interossei and the transverse head 
of the addnetor hallneis are partienlarly important in 
this respeet. 


■ Tying the ends of the areh together is the peronens 
longus tendon. 

■ Snspending the areh from above are the peronens lon- 
gus tendon and the peronens brevis. 

The arehes of the feet are maintained by the shape of the 
bones, strong ligaments, and muscle tone. Which of these 
faetors is the most important? Basmajian and Steeko dem- 
onstrated eleetromyographieally that the tibialis anterior, 
the peronens longus, and the small mnseles of the foot 
play no important role in the normal statie snpport of the 
arehes. They are eommonly totally inaetive. However, dur- 
ing walking and rnnning, all these mnseles beeome aetive. 
Standing immobile for long periods, espeeially if the per- 
son is overweight, plaees excessive strain on the bones and 
ligaments of the feet and resnlts in fallen arehes or flat feet. 
Athletes, route-marching soldiers, and nurses are able to 
sustain their arehes provided that they reeeive adequate 
training to develop their muscle tone. 
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eiinieal Problems Assoeiated with the Arehes of the Foot 

Of the three arehes, the medial longitudinal is the largest and 
elinieally the most important. The shape of the bones, the 
strong ligaments, espeeially those on the plantar surface of 
the foot, and the tone of muscles all play an important role in 
supporting the arehes. It has been shovvn that in the aetive 
foot the tone of muscles is an important faetor in areh sup- 
port. When the muscles are fatigued by excessive exercise 
(a long-route mareh by an army recruit), by standing for long 
periods (vvaitress or nurse), by overvveight, or by illness, the 
muscular support gives vvay, the ligaments are stretehed, and 
pain is produced. 



Pes planus (flat foot) is a eondition in vvhieh the medial longi- 
tudinal areh is depressed or eollapsed. As a result, the forefoot 
is displaeed laterally and everted. The head of the talus is no 
longer supported, and the body vveight forees it dovvnvvard and 
medially betvveen the calcaneum and the navicular bone. When 
the deformity has existed for some time, the plantar, ealeaneona- 
vicular, and medial ligaments of the ankle joint beeome perma- 
nently stretehed, and the bones ehange shape. The muscles and 
tendons are also permanently stretehed. The causes of flat foot 
are both eongenital and acquired. 

Pes cavus (elavvfoot) is a eondition in vvhieh the medial longitudi- 
nal areh is unduly high. Most eases are caused by muscle imbal- 
anee, in many instanees resulting from poliomyelitis. 


The Propulsive Aetion of the Foot 

Standing Immobile The body weight is distribnted via the 
heel behind and the heads of the metatarsal bones in front 
(inelnding the two sesamoid bones nnder the head of the 
first metatarsal). 

Walking As the body weight is thrown forward, the 
weight is borne sneeessively on the lateral margin of the 
foot and the heads of the metatarsal bones. As the heel 
rises, the toes are extended at the metatarsophalangeal 
joints, and the plantar aponenrosis is pnlled on, thus 
shortening the tie beams and heightening the longitudi- 
nal arehes. The “slaek” in the long fiexor tendons is taken 
up, thereby inereasing their effieieney. The body is then 


thrown forward by the aetions of the gastroenemins and 
soleus (and plantaris) on the ankle joint, using the foot as 
a lever, and by the toes being strongly f[exed by the long 
and short fiexors of the foot, providing the final thrust 
forward. The lumbricals and interossei eontraet and keep 
the toes extended so that they do not fold under beeanse 
of the strong aetion of the f[exor digitornm longus. In this 
aetion, the long f[exor tendons also assist in plantar f[ex- 
ing the ankle joint. 

Running When a person runs, the weight is borne on 
the forepart of the foot, and the heel does not touch the 
ground. The forward thrust to the body is provided by the 
meehanisms deseribed for walking (above). 



e L I N 


e A L 


N 0 T E S 


Bursae and Bursitìs ín the Lower Límb 

A variety of bursae are found in the lovver limb vvhere skin, ten- 
dons, ligaments, or muscles repeatedly rub against bony points 
or ridges. 

Bursitis, or inflammation of a bursa, ean be caused by acute 
or ehronie trauma, erystal disease, infeetion, or disease of a 
neighboring jointthat communicates vvith the bursa. An inflamed 
bursa beeomes distended vvith excessive amounts of fluid. The 
follovving bursae are prone to inflammation: the bursa over the 
isehial tuberosity; the greater troehanter bursa; the prepatellar 
and superficial infrapatellar bursae; the bursa betvveen the ten- 
dons of insertion of the sartorius, graeilis, and semitendinosus 
muscles onthe medial proximal aspeetofthetibia; andthe bursa 
betvveen the tendo calcaneus and the upper part of the ealea- 
neum (long-distanee runner's ankle). 


Tvvo important bursae communicate vvith the knee joint, 
and they ean beeome distended if excessive amounts of 
synovial fluid accumulate vvithin the joint. The suprapatellar 
bursa extends proximally about three fingerbreadths above 
the patella beneath the quadriceps femoris muscle. The bursa, 
vvhieh is assoeiated vvith the insertion of the semimembrano- 
sus muscle, may enlarge in patients vvith osteoarthritis of the 
knee joint. 

The anatomie bursae deseribed should not be confused vvith 
adventitious bursae, vvhieh develop in response to abnormal and 
excessive frietion. For example, a subcutaneous bursa some- 
times develops over the tendo calcaneus in response to badly 
fitting shoes. A bunion is an adventitial bursa loeated over the 
medial side ofthe head ofthe Ist metatarsal bone. 
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E M B R Y 0 L 0 G I C N 0 T E S 


Development of the Lovver Lìmb 

The limb buds appear during the sixth week of development as 
the result of a loealized proliferation of the somatopleuric mes- 
enehyme. This causes the overlying eetoderm to bulge from the 
trunk as two pairs of flattened paddles. The leg buds develop 
after the arm buds and arise atthe level of the lower four lumbar 
and upperthree saeral segments. 

The flattened limb buds have a eephalie preaxial border and 
a caudal postaxial border. As the limb buds elongate, the mes- 
enehyme along the preaxial border beeomes innervated by the 
2nd lumbar nerve to the Ist saeral nerve and that of the post- 
axial border beeomes innervated by the Ist to the 3rd saeral 
nerves. Later, the mesenehymal masses divide into anterior and 
posterior groups, and the nerve trunks entering the base of eaeh 
limb also divide into anterior and posterior divisions. As develop- 
ment continues and the limbs further elongate, their attaehment 
to the trunk moves caudally. At the same time, the mesenehyme 
within the limbs differentiates into individual muscles that 
migrate within eaeh limb. As a consequence of these two faetors, 
the anterior rami of the spinal nerves beeome arranged nearthe 
base ofthe limb into the eomplieated lumbosacral plexus. 

It is interesting to note that the dermatomal pattern in the 
lower limb appears to be more eomplieated than that of the 
upper limb (see Figs. 1.26 and 1.27). This ean be explained 
embryologieally, sinee during fetal development, the lower 
limb bud undergoes medial rotation as it grows out from the 
trunk. This results in the big toe eoming to lie on the medial 
side of the foot and accounts for the spiraling pattern of the 
dermatomes. 


Eetromelia 

In ectromelia,thereisa partial abseneeof alowerlimb(Fig. 10.69) 
The eondition in the upper limb is deseribed on page 415. 


eongenital Disloeation of the Hip 

Gongenital disloeation of the hip is 10 times more eommon in 
female ehildren than in male ehildren, and it is particularly eom- 
mon in northern Italy (Fig. 10.70). Three possible causes have 
been suggested: 

■ Generalized joint laxity: Excessive laxity of the ligaments of 
the hip joint may predispose to this eondition. 

■ Breeeh position: The flexed hip and extended knees of the 
breeeh position may alter the normal pressure of the head of 


the femur on the acetabulum, and this may result in a failure 
of the upper part of the acetabulum to develop adequately. 

■ Shallow aeetabnlnm: If the acetabulum is poorly developed, 
the upper lip offers an insufficientshelf under which the head 
of the femur ean lodge. The eondition of shallow acetabulum 
tends to run in families. 

Gongenital disloeation of the hip should be diagnosed at birth 
and is treated by splinting the joint in the position of abduction. 

Genu Recurvatum 

Hyperextension of the knee joint is found in babies who have 
had a breeeh presentation with extended legs. No treatment is 
required, because the legs return to normal within a few weeks. 

Talipes 

Talipes (club foot) often is caused by abnormal position or 
restrieted movement of the fetus in utero. A small number of 
eases may be caused by muscle paralysis assoeiated with spina 
bifida. The differenttypes are named aeeording to the position of 
the foot. Talipes calcaneovalgus is a form of club foot in which 
the foot is dorsiflexed at the ankle joint and everted at the mid- 
tarsal joints. In talipes equinovarus, the foot is plantar flexed at 
the ankle jointand inverted atthe midtarsal joints (Fig. 10.71). The 
eonditions may be unilateral or bilateral, and they require ortho- 
pedie treatment. 

Metatarsus Varus 

Metatarsus varus is a eommon eondition in which the forefoot is 
adducted on the rear part of the foot. Gorreetion may be aeeom- 
plished by manipulation followed by splinting. 

Overriding Toes 

Overriding toes most eommonly involve the fourth and fifth toes. 
The fourth toe is depressed and overridden by the fifth toe. This 
may be eorreeted by the applieation of splints. 

Curly Toes 

Curly toes most often affeets the fourth and fifth toes; the eon- 
dition eommonly runs in families. The affeeted toe lies flexed 
under its medial neighbor. In mild eases, there is no treatment; in 
severe eases, the flexor digitorum longus tendon is transplanted 
into the extensor tendon. 




Radiographig Anatomy 


Radiographie Appearanees of the 
Lower Limh 


Radiologie examination of the lower limb eoneentrates 
mainly on the bony structures, because most of the mus- 
eles, tendons, and nerves blend into a homogeneous mass. 
Examples of radiographs of the different regions of the 
lower limb are shown in Fignres 10.72 throngh 10.80. 


Magnetie resonanee imaging of the lower limb ean be 
useful to demonstrate the soft tissues around the bones 
(Fig. 10.81). 


SURFACE AnATOMY 


The following information should be verified on the liv- 
ing body. An adequate physieal examination of the lower 
limb of a patient requires a sound knowledge of the snrfaee 
anatomy of the region. 
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FIGLIRE 10.69 Eetromelia. (Courtesy of G. Avery.) 

Gluteal Region 

The iliae erests are easily palpable along their entire length 
(Figs. 10.82 and 10.83). Eaeh erest ends in front at the ante- 
rior snperior iliae spine (Figs. 10.79 and 10.80) andbehind 
at the posterior snperior iliae spine (Fig. 10.82); the latter 
lies beneath a skin dimple at the level of the seeond saeral 
vertebra and the middle of the saeroiliae joint. The iliae 
tnberele is a prominenee felt on the onter snrfaee of the 
iliae erest abont 2 in. (5 em) posterior to the anterior supe- 
rior iliae spine (Fig. 10.83). 

The isehial tnberosity ean be palpated in the lower 
part of the buttock (Figs. 10.82 and 10.83). In the stand- 
ing position, the tnberosity is eovered by the gluteus maxi- 
mus. In the sitting position, the isehial tnberosity emerges 
from beneath the lower border of the gluteus maximus 



FIGURE 10.70 Radiograph of bilateral eongenital disloeation 
of the hip shovving that the femoral heads are not vvithin the 
shallovv acetabular fossae. (Courtesy of J. Adams.) 



FIGURE 10.71 Talipes equinovarus. (Courtesy of J. Adams.) 

and snpports the weight of the body; in this position, the 
tnberosity is separated from the skin by only a bursa and 
a pad of fat. 

The greater troehanter of the femur ean be felt on the 
lateral snrfaee of the thigh (Figs. 10.82 and 10.83) and 
moves beneath the examining finger as the hip joint is flexed 
and extended. It is important to verify that, in the normal 
hip joint, the upper border of the greater troehanter lies 
on a line eonneeting the anterior snperior iliae spine to the 
isehial tnberosity (Fig. 10.83). 

The spinons proeesses of the saernm (Fig. 10.79) are 
fiised with eaeh other to form the median saeral erest. The 
erest ean be felt beneath the skin in the upper part of the 
eleft between the bnttoeks. 

The tip of the coccyx ean be palpated beneath the skin in 
the eleft between the bnttoeks about 1 in. (2.5 em) behind 
the anus (Fig. 10.83). The anterior snrfaee of the coccyx ean 
be palpated with a gloved finger in the anal eanal. 

The fold of the bnttoeks is most prominent in the 
standing position; its lower border does not eorrespond to 
the lower border of the gluteus maximus muscle. 

The seiatie nerve in the bnttoek lies under eover of the 
gluteus maximus muscle. As it curves laterally and down- 
ward, it is sitnated at first midway between the posterior 
snperior iliae spine and the isehial tnberosity and, lower 
down, midway between the tip of the greater troehanter 
and the isehial tnberosity (Figs. 10.82 and 10.83). 

Ingiiinal Region 

The ingninal ligament lies beneath the skin fold in the 
groin and ean be felt along its length. It is attaehed later- 
ally to the anterior snperior iliae spine and medially to the 
pubic tubercle (Figs. 10.83 and 10.84). 

The symphysis pnbis is a eartilaginons joint that lies 
in the midline between the bodies of the pubic bones (Fig. 
10.80). The npper margin of the symphysis pnbis and the 
bodies of the pubic bones ean be felt on palpation throngh 
the lower part of the anterior abdominal wall. 
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FIGURE 10.72 Anteroposterior radiograph of the hip joint. Note that the infehor nnargin of the neek of the fennur should form 
continuous curve with the upper margin of the obturator foramen (Shenton's line). 
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FIGURE 10.73 Anteroposterior radiograph of the adult knee. 
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FIGURE 10.74 Lateral radiograph of the adult knee 



FIGURE 10.75 Tangential view of the patella. 










516 GHAPTER 10 The Lower Limb 


intereondylar 

eminenee 


articular eartilage 


medial eondyle 
of femur 


Tiedial 

meniscus 


articular 

eartilage 


medial 
ligament 
of knee 
joint 


air in 


joint eavity 

medial eondyle 
(plateau) of tibia 


epiphyseal 



FIGURE 10.76 Pneumoarthrography of the knee. 
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FIGURE 10.77 Anteroposterior radiograph of the adult ankle. 
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FIGURE 10.78 Lateral radiograph of the adult ankle. 
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FIGURE 10.79 Anteroposterior radiograph of the adult foot 
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FIGURE 10.80 Anteroposterior radiograph of the foot shovving the epiphyses of the phalanges and metatarsal bones 
(10-year-old boy). 
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FIGURE 10.81 Transverse (axial) proton density magnetie resonanee image of the right knee vvith intra-articular gadolinium 
saline solution (as seen from belovv). 
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FIGURE 10.82 The gluteal region and the posterior aspeet of the thigh of a 25-year-old vvoman. 
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FIGURE 10.83 Surface markings in the gluteal region and the front of the thigh. 
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FIGURE 10.84 Anterior aspeet of the thigh of a 27-year-old man. The broken lines indieate the boundaries of the femoral 
triangle.The right leg is laterally rotated at the hip joint. 


The pubic tubercle ean be felt on the npper border 
of the pnbis (Figs. 10.83 and 10.84). Attaehed to it is the 
medial end of the ingninal ligament. The tnberele is easily 
palpated in the male by invaginating the serotnm with the 
examining finger. In the female, it ean be palpated throngh 
the lateral margin of the labinm majns. 

The pubic erest is the ridge of bone on the npper snrfaee 
of the body of the pnbis, medial to the pnbie tnberele (Figs. 
10.7 and 10.8). 

Femoral Triangle 

The femoral triangle ean be seen as a depression below the 
fold of the groin in the npper part of the thigh (Figs. 10.83 
and 10.84). In a thin, mnsenlar snbjeet, the bonndaries of the 
triangle ean be identified when the thigh is fiexed, abdneted, 
and laterally rotated. The base of the triangle is formed by the 
ingninal ligament, the lateral border by the sartorins mnsele, 
and the medial border by the addnetor longns mnsele. 

The horizontal gronp of superficial inguinal lymph 
nodes ean be palpated in the snperfieial faseia just below 
and parallel to the inguinal ligament (Fig. 10.3). 

The femoral artery enters the thigh behind the ingninal 
ligament (Fig. 10.6) at the midpoint of a line joining the 
symphysis pubis to the anterior snperior iliae spine; its pul- 
sations are easily felt (Fig. 10.84). 

The femoral vein leaves the thigh by passing behind the 
ingninal ligament medial to the pnlsating femoral artery 
(Fig. 10.6). 

The lower opening of the femoral eanal lies below and 
lateral to the pubic tubercle (Figs. 10.3 and 10.6). 


The femoral nerve enters the thigh behind the midpoint 
of the ingninal ligament—that is, lateral to the pnlsating 
femoral artery (Fig. 10.6). 

The great saphenons vein pierees the saphenons open- 
ing in the deep faseia (faseia lata) of the thigh and joins the 
femoral vein 1.5 in. (4 em) below and lateral to the pubic 
tubercle (Figs. 10.3 and 10.19). 

Adductor Ganal 

The addnetor (snbsartorial) eanal lies in the middle third 
of the thigh (Fig. 10.84), immediately distal to the apex of 
the femoral triangle. It is an intermuscular eleft situated 
beneath the sartorins muscle and is bonnded laterally by 
the vastus medialis muscle and posteriorly by the addnetor 
longus and magnus muscles. It eontains the femoral vessels 
and the saphenons nerve. 

Knee Region 

In front of the knee joint, the patella and the ligamentnm 
patellae ean be easily palpated (Fig. 10.85). The ligamen- 
tum patellae ean be traeed downward to its attaehment to 

the tnberosity of the tibia. 

The eondyles of the femur and tibia ean be reeognized 
on the sides of the knee, and the joint line ean be identified 
betweenthem (Fig. 10.85). 

The bandlike medial eollateral ligament and the 
ronnded lateral eollateral ligament ean be palpated on the 
sides of the joint line; they ean be followed above and below 
to their bony attaehments. Beeanse the ligaments eover the 
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FIGURE 10.85 Anterior aspeet of the right knee of a 27-year-old man. 


joint line, the joint line eannot be palpated at the sites of the 
eollateral ligaments (Fig. 10.61). 

The menisei are loeated in the interval between the 
femoral and tibial eondyles. Althongh not reeognizable, 
the onter edges of the medial and lateral menisei ean be 
palpated on the joint line between the ligamentnm patellae 
and the medial and lateral eollateral ligaments, respeetively. 

The tendon of bieeps ean be felt as a ronnded strnetnre 
on the lateral aspeet of the knee and ean be traeed down to 
the head of the fibnla (Fig. 10.85). 

The eommon peroneal nerve ean be rolled beneath 
the examining finger just below the head of the fibula 
(Fig. 10.86); here, it passes forward around the lateral side 
of the bone. 

The addnetor tnberele ean be palpated on the medial 
aspeet of the femur just above the medial eondyle; the ham- 
string part of the addnetor magnns ean be felt passing to 
it (Fig. 10.86). 

Behind the knee joint is a diamond-shaped skin depres- 
sion ealled the popliteal fossa (Fig. 10.86). When the knee is 
flexed, the deep faseia, which roofs over the fossa, is relaxed 
and the bonndaries are easily defined. Its upper part is 
bounded laterally by the tendon of the bieeps femoris mus- 
ele and medially by the tendons of the semimembranosns 
and semitendinosns mnseles. Its lower part is bonnded on 
eaeh side by one of the heads of the gastroenemins muscle. 


The eommon peroneal nerve ean be palpated on the 
medial side of the tendon of the bieeps femoris (Fig. 10.86), 
as the latter passes to its insertion on the head of the fibula. 
With the knee joint partially flexed, the nerve ean be rolled 
beneath the finger. 

The popliteal artery ean be felt by gentle palpation in 
the depths of the popliteal fossa, provided that the deep fas- 
eia is fully relaxed by passively flexing the knee joint. 

Tibia 

The medial snrfaee and anterior border of the tibia are 
subcutaneous and ean be felt throughout their length 
(Fig. 10.85). 

Ankle Region and Foot 

In the region of the ankle, the fibula is subcutaneous and 
ean be followed downward to form the lateral malleolus 
(Figs. 10.86 and 10.87). The tip of the medial malleolus of 
the tibia lies about 0.5 in. (1.3 em) proximal to the level of 
the tip of the lateral malleolns (Figs. 10.86 and 10.87). 

In the interval behind the medial malleolns (Fig. 10.86) 
and the medial snrfaee of the ealeanenm lie the following 
structures, in the order named: the tendon of tibialis poste- 
rior, the tendon of flexor digitornm longus, the posterior 
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FIGURE 10.86 Surface markings in the popliteal fossa, the front of the leg, and the foot 


tendo calcaneus 


tendons of peroneus 
longus and brevis 


lateral malleolus 


A 


extensor 
digitorum brevis 



great saphenous vein 


head of talus 


B 



head of first metatarsal 


tuberosity of navicular 


dorsal venous areh 

tuberosity of fifth 
metatarsal 


tendo calcaneus 

medial malleolus 

sustentaculum tali 


FIGURE 10.87 Lateral aspeet (A) and medial aspeet (B) of the right ankle of a 29-year-old vvoman. 
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FIGURE 10.88 Anterior aspeet (A) and posterior aspeet (B) of the right foot and ankle of a 29-year-old vvoman 


tibial vessels, the posterior tibial nerve, and the tendon 
of flexor hallneis longns. The pnlsations of the posterior 
tibial artery ean be felt halfvvay between the medial malleo- 
lus and the heel (Fig. 10.88). Behind the lateral malleolus 
are the tendons of peronens brevis and longns (Figs. 10.87 
and 10.88). 

On the anterior snrfaee of the ankle joint, the tendon of 
tibialis anterior ean be seen when the foot is dorsif[exed 
and inverted (Figs. 10.86 and 10.88). The tendon of exten- 
sor hallneis longns lies lateral to it and ean be made to 
stand out by extending the big toe (Figs. 10.86 and 10.88). 
Lateral to the extensor hallneis longus lie the tendons of 
extensor digitornm longns and peronens tertins. The pul- 
sations of the dorsalis pedis artery ean be felt between the 
tendons of extensor hallneis longus and extensor digitornm 
longus, midway between the two malleoli on the front of 
the ankle. 


On the posterior snrfaee of the ankle joint, the promi- 
nenee of the heel is formed by the ealeanenm. Above the 
heel is the tendo ealeanens (Aehilles tendon) (Fig. 10.88). 

On the dorsum of the foot, the head of the talns ean 
be palpated just in front of the malleoli (Fig. 10.87). The 
tendons of extensor digitornm longns and extensor hal- 
ineis longns ean be made prominent by dorsiflexing the 
toes (Fig. 10.86). 

The dorsal venons areh or plexus ean be seen on the 
dorsal snrfaee of the foot proximal to the toes (Figs. 10.19 
and 10.87). The great saphenous vein leaves the medial 
part of the plexus and passes upward in front of the medial 
malleolus (Fig. 10.87). The small saphenons vein drains 
the lateral part of the plexus and passes up behind the 
lateral malleolus (Fig. 10.19). 

On the lateral aspeet of the foot, the peroneal tnberele 
of the ealeanenm ean be palpated about 1 in. (2.5 em) below 
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Arterìal Palpatìon 

Every health professional should knovvthe preeise position of the 
main arteries vvithin the lovver limb, for he or she may be ealled 
on to arrest a severe hemorrhage or palpate different parts of 
the arterial tree in patients vvith arterial occlusion. 


The femoral artery enters the thigh behind the inguinal liga- 
ment at a point midvvay betvveen the anterosuperior iliae spine 
and the symphysis pubis (Fig. 10.84). The artery is easily palpated 
here because it ean be pressed baekvvard againstthe pectineus 
and the superior ramus of the pubis. 


(continued) 
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The popliteal artery ean be felt by gentle palpdtion in the 
depths of the popliteal spaee provided that the deep faseia is 
fully relaxed by passively flexing the knee joint (Fig. 10.41). 

The dorsalis pedis artery lies betvveen the tendons of extensor 
hallucis longus and extensor digitorum longus, midvvay betvveen 
the medial and lateral malleoli onthefront ofthe ankle (Fig. 10.44). 

The posterior tibial artery passes behind the medial malleo- 
lus, and beneath the flexor retinaculum; it lies betvveen the ten- 
dons of flexor digitorum longus and flexor hallucis longus. The 
pulsations of the artery ean be felt midvvay betvveen the medial 
malleolus and the heel (Fig. 10.49). 

It should be remembered that the dorsalis pedis artery is 
sometimes absent and is replaeed by a large perforating braneh 
of the peroneal artery. In the same manner, the peroneal artery 
may be largerthan normal and replaee the posteriortibial artery 
in the lovver part of the leg. 


Gollateral Circulation 

If the arterial supply to the leg is occluded, neerosis or gan- 
grene vvill follovv unless an adequate bypass to the obstruction 
is present—that is, a eollateral circulation. Sudden occlusion of 
the femoral artery by ligature or embolism, for example, is usu- 
ally follovved by gangrene. Flovvever, gradual occlusion such as 
occurs in atheroselerosis is less likely to be follovved by neero- 
sis because the eollateral blood vessels have time to dilate fully. 
The eollateral circulation for the proximal part of the femoral 
artery is through the cruciate and troehanterie anastomoses; for 
the femoral artery in the adductor eanal, it is through the perfo- 
rating branehes of the profunda femoris artery and the articular 
and muscular branehes of the femoral and popliteal arteries. 


Traumatìc lnjury 

lnjury to the large femoral artery ean cause rapid exsanguina- 
tion of the patient. Llnlike in the upper extremity, arterial injuries 
of the lovver limb do not have a good prognosis. The eollateral 


circulations around the hip and knee joints, although present, 
are not as adequate as those around the shoulder and elbovv. 
Damage to a neighboring large vein ean further eomplieate the 
situation and causes further impairment of the circulation to the 
distal part of the limb. 

Arterial Occlusíve Disease of the Leg 

Arterial occlusive disease of the leg is eommon in men. isehemia 
of the muscles produces a eramplike pain vvith exercise. If the 
femoral artery is obstructed, the supply of blood to the ealf mus- 
eles is inadequate; the patient is foreed to stop vvalking after a 
limited distanee because of the intensity of the pain. With rest, 
the oxygen depletion is eorreeted and the pain disappears. 
Hovvever, on resumption of vvalking, the pain recurs. This eondi- 
tion is knovvn as intermittent claudication. 

Sympathetie Innervation of the Arteries 

Sympathetie innervation of the arteries to the leg is derived 
from the lovver three thoraeie and upper tvvo or three lumbar 
segments of the spinal eord. The preganglionie fibers pass to 
the lovver thoraeie and upper lumbar ganglia via vvhite rami. 
The fibers synapse in the lumbar and saeral ganglia, and the 
postganglionie fibers reaeh the blood vessels via branehes of 
the lumbar and saeral plexuses. The femoral artery reeeives its 
sympathetie fibers from the femoral and obturator nerves. The 
more distal arteries reeeive their postganglionie fibers via the 
eommon peroneal and tibial nerves. 

Lumbar Sympatheetomy and Occlusive Arterial Disease 

Lumbar sympatheetomy may be advoeated as a form of 
treatment for occlusive arterial disease of the lovver limb 
to inerease blood flovv through the eollateral circulation. 
Preganglionie sympatheetomy is performed by removing the 
upper three lumbar ganglia and the intervening parts of the 
sympathetie trunk. 
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Tendon Reflexes of the Lovver Limb 

Skeletal muscles reeeive a segmental innervation. Most muscles 
are innervated by tvvo, three, or four spinal nerves and therefore 
by the same number of segments of the spinal eord. The seg- 
mental innervation of the follovving muscles in the lovver limb 
should be knovvn because it is possible to testthem by elieiting 
simple muscle reflexes in the patient. 

■ Patellar tendon reflex (knee jerk) L2, 3, and 4 (extension of 
the knee joint on tapping the patellar tendon) 

■ Aehilles tendon reflex (ankle jerk) S1 and S2 (plantar flexion 
of the ankle joint on tapping the Aehilles tendon) 


Femoral Nerve lnjury 

The femoral nerve (L2, 3, and 4) enters the thigh from behind 
the inguinal ligament, at a point midvvay betvveen the anterior 


superior iliae spine and the pubic tubercle; it lies about a fin- 
gerbreadth lateral to the femoral pulse. About 2 in. (5 em) belovv 
the inguinal ligament, the nerve splits into its terminal branehes 
(Fig. 10.28). 

The femoral nerve ean be injured in stab or gunshot vvounds, 
but a eomplete division of the nerve is rare. The follovving elinieal 
features are present vvhen the nerve is eompletely divided: 

■ Motor: The quadriceps femoris muscle is paralyzed, and the 
knee eannot be extended. In vvalking, this is eompensated for 
to some extent by use of the adductor muscles. 

■ Sensory: Skin sensation is lost over the anterior and medial 
sides of thethigh, overthe medial side of the lovver partof the 
leg, and along the medial border of the foot as far as the ball 
of the big toe;this area is normally supplied by the saphenous 
nerve. 


(continued) 
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Seìatìe Nerve lnjury 

The seiatie nerve (L4 and 5 and S1,2, and 3) curves laterally and 
dovvnvvard through the gluteal region, situated at first midvvay 
betvveen the posterosuperior iliae spine and the isehial tuber- 
osity, and lovver dovvn, midvvay betvveen the tip of the greater 
troehanter and the isehial tuberosity. The nerve then passes 
dovvnvvard inthe midline onthe posterior aspeet ofthethigh and 
divides into the eommon peroneal and tibial nerves, at a variable 
site above the popliteal fossa (Figs. 10.16 and 10.17). 


Trauma 

The nerve is sometimes injured by penetrating vvounds, frae- 
tures of the pelvis, or disloeations of the hip joint. It is most fre- 
quently injured by badly plaeed intramuscular injeetions in the 
gluteal region. To avoid this injury, injeetions into the gluteus 
maximus orthe gluteus medius should be made vvell forvvard on 
the upper outer quadrant of the buttock. Most nerve lesions are 
ineomplete, and in 90% of injuries, the eommon peroneal part of 
the nerve is the most affeeted. This ean probably be explained 
by the faet that the eommon peroneal nerve fibers lie most 
superficial in the seiatie nerve. The follovving elinieal features 
are present: 

■ Motor: The hamstring muscles are paralyzed, but vveak flex- 
ion of the knee is possible because of the aetion of the sar- 
torius (femoral nerve) and graeilis (obturator nerve). All the 
muscles belovv the knee are paralyzed, and the vveight of the 
foot causes it to assume the plantar-flexed position, or foot- 
drop (Fig. 10.89). 

■ Sensory: Sensation is lost belovv the knee, except for a nar- 
rovv area dovvn the medial side of the lovver part of the leg 
and along the medial border of the foot as far as the ball of 
the big toe, vvhieh is supplied by the saphenous nerve (femo- 
ral nerve). 

The result of operative repair of a seiatie nerve injury is poor. It 
is rare for aetive movement to return to the small muscles of the 
foot, and sensory reeovery is rarely eomplete. Loss of sensation 
in the sole of the foot makes the development of trophie ulcers 
inevitable. 


Seiatiea 

Seiatiea deseribes the eondition in vvhieh patients have pain 
along the sensory distribution of the seiatie nerve. Thus, the pain 
is experienced in the posterior aspeet of the thigh, the poste- 
rior and lateral sides of the leg, and the lateral part of the foot. 
Seiatiea ean be caused by prolapse of an intervertebral dise 
(see page 701), vvith pressure on one or more roots of the lovver 
lumbar and saeral spinal nerves, pressure on the saeral plexus 
or seiatie nerve by an intrapelvie tumor, or inflammation of the 
seiatie nerve or its terminal branehes. 


It is eommonly injured in fractures of the neek of the fibula 
and by pressure from easts or splints. The follovving elinieal fea- 
tures are present: 

■ Motor: The muscles of the anterior and lateral eompartments 
of the leg are paralyzed, namely, the tibialis anterior, the 
extensor digitorum longus and brevis, the peroneus tertius, 
the extensor hallucis longus (supplied by the deep peroneal 
nerve), and the peroneus longus and brevis (supplied by the 
superficial peroneal nerve). As a result, the opposing mus- 
eles, the plantar flexors of the ankle joint and the invertors of 
the subtalar and transverse tarsal joints, cause the footto be 
plantar flexed (foot drop) and inverted, an attitude referred to 
as equinovarus (Fig. 10.89). 

■ Sensory: Loss of sensation occurs dovvn the anterior and 
lateral sides of the leg and dorsum of the foot and toes, in- 
cluding the medial side of the big toe. The lateral border of 
the foot and the lateral side of the little toe are virtually un- 
affeeted (sural nerve, mainly formed from tibial nerve). The 
medial border of the foot as far as the ball of the big toe is 
eompletely unaffected (saphenous nerve, a braneh of the 
femoral nerve). 

When the injury occurs distal to the site of origin of the lateral 
cutaneous nerve of the ealf, the loss of sensibility is eonfined to 
the area of the foot and toes. 


Tibìal Nerve lnjury 

The tibial nerve (Fig. 10.17) leaves the popliteal fossa by passing 
deep to the gastrocnemius and soleus muscles. Because of its 
deep and proteeted position, it is rarely injured. Gomplete divi- 
sion results in the follovving elinieal features: 

■ Motor: All the muscles in the baek of the leg and the sole 
of the foot are paralyzed. The opposing muscles dorsiflex 
the foot at the ankle joint and evert the foot at the subta- 
lar and transverse tarsal joints, an attitude referred to as 

calcaneovalgus. 

■ Sensory: Sensation is lost on the sole of the foot; later, tro- 
phie ulcers develop. 


Obtnrator Nerve lnjury 

The obturator nerve (L2, 3, and 4) enters the thigh as anterior 
and posterior divisions through the upper part of the obturator 
foramen. The anterior division deseends in front of the obturator 
externus and the adductor brevis, deep to the floor of the femo- 
ral triangle. The posterior division deseends behind the adductor 
brevis and in front of the adductor magnus (Fig. 10.30). 

It is rarely injured in penetrating vvounds, in anterior dis- 
loeations of the hip joint, or in abdominal herniae through the 
obturator foramen. It may be pressed on by the fetal head during 
parturition. The follovving elinieal features occur: 


Common Peroneal Nerve lnjury 

The eommon peroneal nerve (Fig. 10.16) is in an exposed position 
as it leaves the popliteal fossa and vvinds around the neek of the 
fibula to enterthe peroneus longus muscle. 


■ Motor: All the adductor muscles are paralyzed except the 
hamstring part of the adductor magnus, vvhieh is supplied by 
the seiatie nerve. 

■ Sensory: The cutaneous sensory loss is minimal on the me- 
dial aspeet of the thigh. 
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FIGURE 10.89 Footdrop. With this eondition, the individual 
eatehes his or her toes on the ground vvhen vvalking. 


and in front of the tip of the lateral malleolns (Fig. 10.86). 
Above the tnberele, the tendon of peronens brevis passes 
forward to its insertion on the prominent tnberosity on the 
base of the 5th metatarsal bone (Fig. 10.87). Below the 
tnberele, the tendon of peronens longns passes forward to 
enter the groove on the nnder aspeet of the enboid bone. 

On the medial aspeet of the foot, the snstentaenlnm tali 
ean be palpated abont 1 in. (2.5 em) below the tip of the 
medial malleolns (Fig. 10.87). The tendon of tibialis poste- 
rior lies immediately above the sustentaculum tali; the ten- 
don of f[exor digitornm longus erosses its medial surface; 
and the tendon of f[exor hallneis longus winds around its 
lower snrfaee. 

In front of the sustentaculum tali, the tnberosity of the 
navienlar bone ean be seen and palpated (Fig. 10.87). It 
reeeives the main part of the tendon of insertion of the tibi- 
alis posterior muscle. 


eiinieal Cases and Review Questions 
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THE HEAD AND NEGK 


A 58-year-old vvoman vvoke up one morning to find that the right side of her faee felt "peculiar 

and heavy." On looking in the mirror, she savvthatthe eorner of her mouth on the right side vvas 
drooping and her right lovver eyelid seemed to be lovverthan her left. When she attempted to 
smile,the rightside of herfaee remained immobile and boardlike. While eating her breakfast, she notieed 
that herfood tended to stiek on the inside of her right eheek. On taking her dog for a vvalk, she found to her 
amazement that she could not vvhistle for his return to her side; her lips just vvould not pucker. 

When examined by her physieian, she vvas found to have paralysis of the muscles of the entire 
right side of the faee. She talked vvith a slightly slurred speeeh and her blood pressure vvas very high. To 
make the diagnosis, the physieian hadto have knovvledge ofthefaeial muscles, the laryngeal muscles, 
and their nerve supply. The faeial paralysis, slurred speeeh, high blood pressure, and absenee of any 
other abnormal findings suggested a diagnosis of a left-sided eerebral hemorrhage (stroke), seeondary 
to high blood pressure. Hovvever, because a left-sided eerebral hemorrhage vvould cause paralysis of 
only the muscles of the lovver part of the right side of the faee, this vvas notthe diagnosis. 

This patient had paralysis of the muscles of the entire right side of the faee; this could only be 
caused by a lesion of the right faeial nerve, vvhieh supplies the muscles. Fortunately, this patient vvas 
suffering from Bells palsy, the prognosis vvas excellent and she had a eomplete reeovery. 
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m Head injuries from blunttrauma and penetrating missiles are 
assoeiated with high mortality and severe disability. Headaehes 
are usually caused by nonserious eonditions such as sinusitis or 
neuralgia; however, they ean represent the earliest manifesta- 
tions of a life-threatening disease. 

■ Faeial, sealp, and mouth injuries are eommonly encountered in 
praetiee and vary in seriousness from a small skin laeeration to 
major maxillofacial trauma. Even an untreated boil on the side 
of the nose ean be life threatening. Faeial paralysis and unequal 
pupils may indieate the existence of a serious neurologic defieit. 
Many vital structures are present in the neek. Injuries or 


pressure on the larynx or traehea ean eompromise the airway. 
Swellings ean indieate the existence of a tumor of the thyroid 
gland or the presenee of a malignant seeondary lesion in a 
lymph node. 

■ eiearly, many signs and symptoms related to the region of the 
head and neek are determined by the anatomie arrangement 
of the various structures. This ehapter discusses the basie 
anatomy of this eomplieated region and highlights the elinieal 
relevanee of the structures eonsidered. It speeifieally excludes 
eonsideration of the detailed structure of the brain, which is 
eovered in a neurology text. 
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Basig Anatomy 


The head and neek region of the body eontains many 
important strnetnres eompressed into a relatively small 
area. 

The Head 

The head is formed mainly by the sknll with the brain and 
its eovering meninges enelosed in the eranial eavity. The 
speeial senses, the eye and the ear, lie within the sknll bones 
or in the eavities bonnded by them. The brain gives rise to 
12 pairs of eranial nerves, which leave the brain and pass 
throngh foramina and fissnres in the sknll. All the eranial 
nerves are distribnted to strnetnres in the head and neek, 
except the lOth, which also snpplies strnetnres in the ehest 
and abdomen. 


Bones of the Sknll 

Gomposition 

The sknll is eomposed of several separate bones nnited 
at immobile joints ealled sutures. The eonneetive tissne 
between the bones is ealled a sutural ligament. The man- 
dible is an exception to this rule, for it is united to the skull 
by the mobile temporomandibular joint (see page 571). 

The bones of the skull ean be divided into those of the 
eraninm and those of the faee. The vault is the upper part 
of the cranium, and the base of the skull is the lowest part 
of the eraninm (Fig. 11.1). 

The skull bones are made up of external and internal 
tables of eompaet bone separated by a layer of spongy bone 
ealled the diploè (Fig. 11.2). The internal table is thinner 
and more brittle than the external table. The bones are eov- 
ered on the outer and inner snrfaees with periostenm. 
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FIGIJRE 11.1 Bones of the anterior aspeet of the skull 
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FIGURE 11.2 Goronal seetion of the upper part of the head shovving the layers of the sealp, the sagittal suture of the skull, 
the falx eerebri, the superior and inferior sagittal venous sinuses, the araehnoid granulations, the emissary veins, and the 
relation of eerebral blood vessels to the subarachnoid spaee. 


The cranium eonsists of the following bones, two of 
which are paired (Figs. 11.3 and 11.4): 

■ Frontalbone: 1 

■ Parietal bones: 2 

■ Oeeipital bone: 1 

■ Temporal bones: 2 

■ Sphenoid bone: 1 

■ Ethmoidbone: 1 

The faeial bones eonsist of the following, two of which are 
single: 

■ Zygomatie bones: 2 

■ Maxillae: 2 

■ Nasal bones: 2 

■ Laerimal bones: 2 

■ Vomer: 1 

■ Palatine bones: 2 

■ Inferior eonehae: 2 

■ Mandible: 1 

It is nnneeessary for stndents of medieine to know the 
detailed strnetnre of eaeh individnal sknll bone. However, 
stndents shonld be familiar with the sknll as a whole and 
shonld have a dried sknll available for referenee as they read 
the following deseription. 

External Views of the Sknll 

Anterior View of the Skull 

The frontal bone, or forehead bone, enrves downward 
to make the npper margins of the orbits (Fig. 11.1). 


The superciliary arehes ean be seen on either side, and the 
supraorbital noteh, or foramen, ean be reeognized. Medi- 
ally, the frontal bone artienlates with the frontal proeesses 
of the maxillae and with the nasal bones. Laterally, the fron- 
tal bone artienlates with the zygomatie bone. 

The orbital margins are bonnded by the frontal bone 
snperiorly, the zygomatie bone laterally, the maxilla infe- 
riorly, and the proeesses of the maxilla and frontal bone 
medially. 

Within the frontal bone, just above the orbital margins, 
are two hollow spaees lined with mucous membrane ealled 
the frontal air sinnses. These eommnnieate with the nose 
and serve as voiee resonators. 

The two nasal bones form the bridge of the nose. Their 
lower borders, with the maxillae, make the anterior nasal 
apertnre. The nasal eavity is divided into two by the bony 
nasal septum, which is largely formed by the vomer. The 
snperior and middle eonehae are shelves of bone that pro- 
jeet into the nasal eavity from the ethmoid on eaeh side; the 
inferior eonehae are separate bones. 

The two maxillae form the upper jaw, the anterior part of 
the hard palate, part of the lateral walls of the nasal eavities, 
and part of the floors of the orbital eavities. The two bones 
meet in the midline at the intermaxillary suture and form 
the lower margin of the nasal apertnre. Below the orbit, 
the maxilla is perforated by the infraorbital foramen. The 
alveolar proeess projeets downward and, together with the 
fellow of the opposite side, forms the alveolar areh, which 
earries the upper teeth. Within eaeh maxilla is a large, pyra- 
mid-shaped eavity lined with mucous membrane ealled the 
maxillary sinus. This eommnnieates with the nasal eavity 
and serves as a voiee resonator. 
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FIGURE 11.3 Bones of the lateral aspeet of the skull. 
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FIGURE 11.4 Bones of the skull vievved fronn the posterior (A) and superior (B) aspeets. 
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The zygomatie bone forms the prominenee of the eheek 
and part of the lateral wall and fioor of the orbital eavity. 
Medially it artienlates with the maxilla and laterally it artie- 
nlates with the zygomatie proeess of the temporal bone to 
form the zygomatie areh. The zygomatie bone is perforated 
by two foramina for the zygomatieofaeial and zygomatie- 
otemporal nerves. 

The mandible, or lower jaw, eonsists of a horizontal 
body and two vertieal rami (for details, see page 569). 

Lateral View of the Skull 

The frontal bone forms the anterior part of the side of the 
sknll and artienlates with the parietal bone at the eoronal 
sntnre (Fig. 11.3). 

The parietal bones form the sides and roof of the era- 
nium and articulate with eaeh other in the midline at the 
sagittal sntnre. They artienlate with the oeeipital bone 
behind, at the lambdoid sntnre. 

The skull is eompleted at the side by the squamous part 
of the oeeipital bone; parts of the temporal bone, namely, 
the squamous, tympanie, mastoid proeess, styloid pro- 
eess, and zygomatie proeess; and the greater wing of the 
sphenoid. Note the position of the external anditory mea- 
tus. The ramus and body of the mandible lie inferiorly. 

Note that the thinnest part of the lateral wall of the 
skull is where the anteroinferior eorner of the parietal bone 
artienlates with the greater wing of the sphenoid; this point 
is referred to as the pterion. 

eiinieally, the pterion is an important area beeanse 
it overlies the anterior division of the middle meningeal 
artery and vein. 

Identify the snperior and inferior temporal lines, 

which begin as a single line from the posterior margin of 
the zygomatie proeess of the frontal bone and diverge as 
they areh backward. The temporal fossa lies below the infe- 
rior temporal line. 

The infratemporal fossa lies below the infratempo- 
ral erest on the greater wing of the sphenoid. The ptery- 
gomaxillary fissnre is a vertieal fissnre that lies within the 
fossa between the pterygoid proeess of the sphenoid bone 
and baek of the maxilla. It leads medially into the pterygo- 
palatine fossa. 

The inferior orbital fissnre is a horizontal fissnre 
between the greater wing of the sphenoid bone and the 
maxilla. It leads forward into the orbit. 

The pterygopalatine fossa is a small spaee behind and 
below the orbital eavity. It eommnnieates laterally with the 
infratemporal fossa throngh the pterygomaxillary fissnre, 
medially with the nasal eavity throngh the sphenopalatine 
foramen, snperiorly with the skull through the foramen 
rotundum, and anteriorly with the orbit throngh the 
inferior orbital fissnre. 

Posterior View of the Skull 

The posterior parts of the two parietal bones (Fig. 11.4) 
with the intervening sagittal suture are seen above. Below, 
the parietal bones artienlate with the squamous part of 
the oeeipital bone at the lambdoid suture. On eaeh side 


the oeeipital bone artienlates with the temporal bone. In 
the midline of the oeeipital bone is a ronghened elevation 
ealled the external oeeipital protnberanee, which gives 
attaehment to mnseles and the ligamentnm nuchae. On 
either side of the protnberanee the snperior nuchal lines 
extend laterally toward the temporal bone. 

Superior View of the Skull 

Anteriorly, the frontal bone (Fig. 11.4) artienlates with the 
two parietal bones at the eoronal suture. Oeeasionally, the 
two halves of the frontal bone fail to fiise, leaving a midline 
metopie suture. Behind, the two parietal bones artienlate 
in the midline at the sagittal suture. 

Inferior View of the Skull 

If the mandible is disearded, the anterior part of this aspeet of 
the skull is seen to be formed by the hard palate (Fig. 11.5). 

The palatal proeesses of the maxillae and the hori- 
zontal plates of the palatine bones ean be identified. 
In the midline anteriorly is the ineisive fossa and fora- 
men. Posterolaterally are the greater and lesser palatine 
foramina. 

Above the posterior edge of the hard palate are the 
ehoanae (posterior nasal apertnres). These are separated 
from eaeh other by the posterior margin of the vomer and 
are bonnded laterally by the medial pterygoid plates of the 
sphenoid bone. The inferior end of the medial pterygoid 
plate is prolonged as a curved spike of bone, the pterygoid 
hamulus. 

Posterolateral to the lateral pterygoid plate, the greater 
wing of the sphenoid is piereed by the large foramen ovale 
and the small foramen spinosnm. Posterolateral to the 
foramen spinosnm is the spine of the sphenoid. 

Behind the spine of the sphenoid, in the interval between 
the greater wing of the sphenoid and the petrons part of the 
temporal bone, is a groove for the eartilaginons part of the 
anditory tube. The opening of the bony part of the tube 
ean be identified. 

The mandibular fossa of the temporal bone and the 
articular tubercle form the upper articular surfaces for the 
temporomandibular joint. Separating the mandibnlar fossa 
from the tympanie plate posteriorly is the squamotym- 
panie fissnre, throngh the medial end of which the ehorda 
tympani nerve exits from the tympanie eavity. 

The styloid proeess of the temporal bone projeets 
downward and forward from its inferior aspeet. The open- 
ing of the earotid eanal ean be seen on the inferior snrfaee 
of the petrons part of the temporal bone. 

The medial end of the petrons part of the temporal bone 
is irregnlar and, together with the basilar part of the oeeipital 
bone and the greater wing of the sphenoid, forms the fora- 
men laeernm. During life, the foramen laeernm is elosed 
with fibrons tissue, and only a few small vessels pass throngh 
this foramen from the eavity of the skull to the exterior. 

The tympanie plate, which forms part of the temporal 
bone, is C shaped on seetion and forms the bony part of the 
external anditory meatus. While examining this region, 
identify the suprameatal erest on the lateral snrfaee of 
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FIGURE 11.5 Inferior surface of the base of the skull 


the squamous part of the temporal bone, the suprameatal 
triangle, and the suprameatal spine. 

In the interval between the styloid and mastoid 
proeesses, the stylomastoid foramen ean be seen. 
Medial to the styloid proeess, the petrons part of the 
temporal bone has a deep noteh, which, together with 
a shallower noteh on the oeeipital bone, forms the 
jugular foramen. 

Behind the posterior apertnres of the nose and in front 
of the foramen magnum are the sphenoid bone and the 
basilar part of the oeeipital bone. The pharyngeal tnberele 


is a small prominenee on the undersurface of the basilar 
part of the oeeipital bone in the midline. 

The oeeipital eondyles should be identified; they articu- 
late with the superior aspeet of the lateral mass of the first 
eervieal vertebra, the atlas. Superior to the oeeipital eondyle 
is the hypoglossal eanal for transmission of the hypoglos- 
sal nerve (Fig. 11.6). 

Posterior to the foramen magnum in the midline is 
the external oeeipital protnberanee. The snperior nuchal 
lines should be identified as they curve laterally on eaeh 
side. 
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FIGURE 11.6 Internal surface of the base of the skull. 


The Granial Gavity 

The eranial eavity eontains the brain and its snrronnding 
meninges, portions of the eranial nerves, arteries, veins, 
and venons sinnses. 

Vanlt of the Sknll 

The internal snrfaee of the vanlt shows the eoronal, sagit- 
tal, and lambdoid sntnres. In the midline is a shallow sagit- 
tal groove that lodges the superior sagittal sinus. On eaeh 
side of the groove are several small pits, ealled granular 
pits, which lodge the lateral lacunae and araehnoid gran- 
nlations (see page 543). Several narrow grooves are pre- 
sent for the anterior and posterior divisions of the middle 
meningeal vessels as they pass up the side of the skull to 
the vault. 


Base of the Skull 

The interior of the base of the skull (Fig. 11.6) is divided 
into three eranial fossae: anterior, middle, and posterior. 
The anterior eranial fossa is separated from the middle era- 
nial fossa by the lesser wing of the sphenoid, and the middle 
eranial fossa is separated from the posterior eranial fossa by 
the petrons part of the temporal bone. 

Anterior Granial Fossa 

The anterior eranial fossa lodges the frontal lobes of the 
eerebral hemispheres. It is bonnded anteriorly by the inner 
snrfaee of the frontal bone, and in the midline is a erest for 
the attaehment of the falx eerebri. Its posterior bonndary 
is the sharp lesser wing of the sphenoid, which artienlates 
laterally with the frontal bone and meets the anteroinferior 
angle of the parietal bone, or the pterion. The medial end of 
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the lesser wing of the sphenoid forms the anterior elinoid 
proeess on eaeh side, which gives attaehment to the tento- 
rium eerebelli. The median part of the anterior eranial fossa 
is limited posteriorly by the groove for the optie ehiasma. 

The floor of the fossa is formed by the ridged orbital 
plates of the frontal bone laterally and by the eribriform 
plate of the ethmoid medially (Fig. 11.6). The erista galli 
is a sharp upward projeetion of the ethmoid bone in the 
midline for the attaehment of the falx eerebri. Alongside 
the erista galli is a narrow slit in the eribriform plate for 
the passage of the anterior ethmoidal nerve into the nasal 
eavity. The upper surface of the eribriform plate sup- 
ports the olfaetory bulbs, and the small perforations in the 
eribriform plate are for the olfaetory nerves. 

Middle eranial Fossa 

The middle eranial fossa eonsists of a small median part and 
expanded lateral parts (Fig. 11.6). The median raised part 
is formed by the body of the sphenoid, and the expanded 
lateral parts form eoneavities on either side, which lodge 
the temporal lobes of the eerebral hemispheres. 

It is bonnded anteriorly by the lesser wings of the sphe- 
noid and posteriorly by the snperior borders of the petrons 
parts of the temporal bones. Laterally lie the squamous 
parts of the temporal bones, the greater wings of the sphe- 
noid, and the parietal bones. 

The floor of eaeh lateral part of the middle eranial fossa 
is formed by the greater wing of the sphenoid and the squa- 
mous and petrons parts of the temporal bone. 

The sphenoid bone resembles a bat having a eentrally 
plaeed body with greater and lesser wings that are out- 
stretehed on eaeh side. The body of the sphenoid eontains 
the sphenoid air sinuses, which are lined with mucous 
membrane and eommnnieate with the nasal eavity; they 
serve as voiee resonators. 

Anteriorly, the optie eanal transmits the optie nerve 
and the ophthalmie artery, a braneh of the internal earotid 
artery, to the orbit. The snperior orbital fissnre, which is a 
slitlike opening between the lesser and the greater wings of 
the sphenoid, transmits the laerimal, frontal, troehlear, ocu- 
lomotor, nasoeiliary, and abdneent nerves, together with 
the snperior ophthalmie vein. The sphenoparietal venous 
sinus runs medially along the posterior border of the lesser 
wing of the sphenoid and drains into the eavernons sinus. 

The foramen rotundum, which is situated behind the 
medial end of the snperior orbital flssnre, perforates the greater 
wing of the sphenoid and transmits the maxillary nerve from 
the trigeminal ganglion to the pterygopalatine fossa. 

The foramen ovale lies posterolateral to the foramen 
rotundum (Fig. 11.6). It perforates the greater wing of the 
sphenoid and transmits the large sensory root and small 
motor root of the mandibnlar nerve to the infratemporal 
fossa; the lesser petrosal nerve also passes throngh it. 

The smaU foramen spinosnm lies posterolateral to the 
foramen ovale and also perforates the greater wing of the 
sphenoid. The foramen transmits the middle meningeal 
artery from the infratemporal fossa (see page 598) into the 
eranial eavity. The artery then runs forward and lateraHy in 
a groove on the upper surface of the squamous part of the 
temporal bone and the greater wing of the sphenoid (Fig. 
11.20). After a short distanee, the artery divides into anterior 
and posterior branehes. The anterior braneh passes forward 


and upward to the anteroinferior angle of the parietal bone 
(Fig. 11.131 A). Here, the bone is deeply grooved or tnnneled 
by the artery for a short distanee before it runs backward and 
upward on the parietal bone. It is at this site that the artery 
may be damaged after a blow to the side of the head. The pos- 
terior braneh passes backward and upward aeross the squa- 
mous part of the temporal bone to reaeh the parietal bone. 

The large and irregnlarly shaped foramen lacerum lies 
between the apex of the petrons part of the temporal bone 
and the sphenoid bone (Fig. 11.6). The inferior opening of 
the foramen laeernm in life is fllled by eartilage and flbrons 
tissue, and only small blood vessels pass throngh this tissue 
from the eranial eavity to the neek. 

The earotid eanal opens into the side of the foramen 
laeernm above the elosed inferior opening. The internal 
earotid artery enters the foramen throngh the earotid eanal 
and immediately turns upward to reaeh the side of the body 
of the sphenoid bone. Here, the artery turns forward in the 
eavernons sinus to reaeh the region of the anterior elinoid 
proeess. At this point, the internal earotid artery turns verti- 
eally upward, medial (Fig. 11.20) to the anterior elinoid pro- 
eess, and emerges from the eavernons sinus (see page 598). 

Lateral to the foramen laeernm is an impression on 
the apex of the petrons part of the temporal bone for the 
trigeminal ganglion. On the anterior snrfaee of the petrons 
bone are two grooves for nerves; the largest medial groove is 
for the greater petrosal nerve, a braneh of the faeial nerve; 
the smaller lateral groove is for the lesser petrosal nerve, a 
braneh of the tympanie plexus. The greater petrosal nerve 
enters the foramen laeernm deep to the trigeminal ganglion 
and joins the deep petrosal nerve (sympathetie flbers from 
around the internal earotid artery), to form the nerve of 
the pterygoid eanal. The lesser petrosal nerve passes for- 
ward to the foramen ovale. 

The abdneent nerve bends sharply forward aeross the 
apex of the petrons bone, medial to the trigeminal gan- 
glion. Here, it leaves the posterior eranial fossa and enters 
the eavernons sinus. 

The arenate eminenee is a rounded eminenee found on 
the anterior snrfaee of the petrons bone and is caused by 
the underlying snperior semieirenlar eanal. 

The tegmen tympani, a thin plate of bone, is a forward 
extension of the petrons part of the temporal bone and 
adjoins the squamous part of the bone (Fig. 11.6). From 
behind forward, it forms the roof of the mastoid antrnm, 
the tympanie eavity, and the anditory tube. This thin plate 
of bone is the only major barrier that separates infeetion in 
the tympanie eavity from the temporal lobe of the eerebral 
hemisphere (Fig. 11.30). 

The median part of the middle eranial fossa is formed 
by the body of the sphenoid bone (Fig. 11.6). In front is 
the sulcus ehiasmatis, which is related to the optie ehiasma 
and leads laterally to the optie eanal on eaeh side. Posterior 
to the sulcus is an elevation, the tuberculum sellae. Behind 
the elevation is a deep depression, the sella turcica, which 
lodges the pituitary gland. The sella tnreiea is bonnded 
posteriorly by a square plate of bone ealled the dorsum 
sellae. The snperior angles of the dorsum sellae have two 
tubercles, ealled the posterior elinoid proeesses, which give 
attaehment to the fixed margin of the tentorinm eerebelli. 

The eavernons sinus is direetly related to the side of the 
body of the sphenoid (Figs. 11.9 and 11.10). It earries in its 


536 GHAPTERll The Head and Neek 


lateral wall the 3rd and 4th eranial nerves and the oph- 
thalmie and maxillary divisions of the 5th eranial nerve 
(Fig. 11.12). The internal earotid artery and the 6th eranial 
nerve pass forward throngh the sinns. 

Posterior Cranial Fossa 

The posterior eranial fossa is deep and lodges the parts of 
the hindbrain, namely, the cerebellum, pons, and medulla 
oblongata. Anteriorly, the fossa is bonnded by the snperior 
border of the petrons part of the temporal bone, and pos- 
teriorly it is bonnded by the internal snrfaee of the squa- 
mous part of the oeeipital bone (Fig. 11.6). The floor of 
the posterior fossa is formed by the basilar, eondylar, and 
squamous parts of the oeeipital bone and the mastoid part 
of the temporal bone. 

The roof of the fossa is formed by a fold of dura, the ten- 
torium eerebelli, which intervenes between the eerebellnm 
below and the oeeipital lobes of the eerebral hemispheres 
above (Fig. 11.10). 

The foramen magnum oeenpies the eentral area of the 
floor and transmits the mednlla oblongata and its sur- 
rounding meninges, the aseending spinal parts of the aeees- 
sory nerves, and the two vertebral arteries. 

The hypoglossal eanal is sitnated above the anterolat- 
eral bonndary of the foramen magnum (Fig. 11.6) and 
transmits the hypoglossal nerve. 

The jugular foramen lies between the lower border of 
the petrons part of the temporal bone and the eondylar 
part of the oeeipital bone. It transmits the following struc- 
tures from before backward: the inferior petrosal sinus; 


the 9th, lOth, and llth eranial nerves; and the large 
sigmoid sinus. The inferior petrosal sinus deseends in 
the groove on the lower border of the petrons part of the 
temporal bone to reaeh the foramen. The sigmoid sinus 
turns down throngh the foramen to beeome the internal 
jugular vein. 

The internal aeonstie meatus pierees the posterior sur- 
faee of the petrous part of the temporal bone. It transmits 
the vestibnloeoehlear nerve and the motor and sensory 
roots of the faeial nerve. 

The internal oeeipital erest runs upward in the mid- 
line posteriorly from the foramen magnum to the inter- 
nal oeeipital protnberanee; to it is attaehed the small falx 
eerebelli over the oeeipital sinus. 

On eaeh side of the internal oeeipital protnberanee is 
a wide groove for the transverse sinus (Fig. 11.6). This 
groove sweeps around on either side, on the internal snrfaee 
of the oeeipital bone, to reaeh the posteroinferior angle or 
eorner of the parietal bone. The groove now passes onto the 
mastoid part of the temporal bone, and here the transverse 
sinus beeomes the sigmoid sinus. The superior petrosal 
sinus runs backward along the upper border of the petrous 
bone in a narrow groove and drains into the sigmoid sinus. 
As the sigmoid sinus deseends to the jugular foramen, it 
deeply grooves the baek of the petrons bone and the mas- 
toid part of the temporal bone. Here, it lies direetly poste- 
rior to the mastoid antrnm. 

Table 11.1 provides a snmmary of the more important 
openings in the base of the skull and the structures that 
pass through them. 


TABLE 


. 1 


Summary of the More Important Openíngs in the Base of the Skull and the 
Structures That Pass Through Them 


Opening in Sknll 

Bone of Sknll 

Strnetnres Transmitted 

Anterior Granial Fossa 



Perforations in eribriform plate 

Ethmoid 

Olfaetory nerves 

Middle Granial Fossa 



Optie eanal 

Lesser wing of sphenoid 

Optie nerve, ophthalmie artery 

Soperior orbital fissore 

Between lesser and greater 
wings of sphenoid 

Laerimal, frontal, troehlear, oculomotor, nasoeiliary, 
and abducent nerves; superior ophthalmie vein 

Foramen rotundum 

Greater wing of sphenoid 

Maxillary division of the trigeminal nerve 

Foramen ovale 

Greater wing of sphenoid 

Mandibular division of the trigeminal nerve, 
lesser petrosal nerve 

Foramen spinosum 

Greater wing of sphenoid 

Middle meningeal artery 

Foramen lacerum 

Between petrous part of temporal 
and sphenoid 

Internal earotid artery 

Posterior Granial Fossa 



Foramen magnum 

Oeeipital 

Medulla oblongata, spinal part of aeeessory nerve, 
and rightand left vertebral arteries 

Hypoglossal eanal 

Oeeipital 

Hypoglossal nerve 

Jugular foramen 

Between petrous part of temporal 
and eondylar part of oeeipital 

Glossopharyngeal, vagus, and aeeessory nerves; 
sigmoid sinus beeomes internal jugular vein 

Internal acoustic m 

Petrous part of temporal 

Vestibulocochlear and faeial nerves 
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N 0 T E S 


Fractures of the Skull 

Fractures of the skull are eommon in the adult but much less so 
in the young ehild. In the infantskull,the bones are more resilient 
than in the adult skull, and they are separated by fibrous sutural 
ligaments. In the adult, the inner table of the skull is particularly 
brittle. Moreover, the sutural ligaments begin to ossify during 
middle age. 

The type of fracture that occurs in the skull depends on the 
age of the patient, the severity of the blow, and the area of skull 
reeeiving the trauma. The adult skull may be likened to an egg- 
shell in that it possesses a eertain limited resilienee beyond 
which it splinters. A severe, loealized blow produces a loeal 
indentation, often aeeompanied by splintering of the bone. Blows 
to the vault often result in a series of linear fractures, which radi- 
ate out through the thin areas of bone. The petrous parts of the 
temporal bones and the oeeipital erests strongly reinforee the 
base of the skull and tend to defleet linear fractures. 

In the young ehild, the skull may be likened to a table-tennis 
ball in that a loealized blow produces a depression without splin- 
tering. This eommon type of circumscribed lesion is referred to 
as a "pond" fraetnre. 


Fraetnres of the Anterior Granial Fossa 

In fractures of the anterior eranial fossa, the eribriform plate of 
the ethmoid bone may be damaged. This usually results in tearing 
of the overlying meninges and underlying mucoperiosteum. The 
patient will have bleeding from the nose (epistaxis) and leakage 
of eerebrospinal fluid into the nose (eerebrospinal rhinorrhea). 
Fractures involving the orbital plate of the frontal bone result in 
hemorrhage beneath the conjunctiva and into the orbital eavity, 
causing exophthalmos. The frontal air sinus may be involved, 
with hemorrhage into the nose. 


Fraetnres of the Middle Granial Fossa 

Fractures of the middle eranial fossa are eommon, because 
this is the weakest part of the base of the skull. Anatomieally, 
this weakness is caused by the presenee of numerous foram- 
ina and eanals in this region; the eavities of the middle ear and 
the sphenoidal air sinuses are particularly vulnerable. The leak- 
age of eerebrospinal fluid and blood from the external audi- 
tory meatus is eommon. The 7th and 8th eranial nerves may be 
involved as they pass through the petrous part of the temporal 
bone. The 3rd, 4th, and 6th eranial nerves may be damaged if 
the lateral wall of the cavernous sinus is torn. Blood and eere- 
brospinal fluid may leak into the sphenoidal air sinuses and then 
into the nose. 


Fractures of the Posterior Granial Fossa 

In fractures of the posterior eranial fossa, blood may eseape into 
the nape of the neek deep to the postvertebral muscles. Some 
days later, ittraeks between the muscles and appears in the pos- 
terior triangle, elose to the mastoid proeess. The mucous mem- 
brane of the roof of the nasopharynx may be torn, and blood may 
eseape there. In fractures involving the jugular foramen, the 9th, 
lOth, and llth eranial nerves may be damaged. The strong bony 


walls of the hypoglossal eanal usually proteet the hypoglossal 
nerve from injury. 

Fractures of Faeial Bones 

Bone Injnries and Skeletal Development 

The developing bones of a ehild's faee are more pliable than an 
adult's, and fractures may be ineomplete or greenstiek. In adults, 
the presenee of well-developed, air-filled sinuses and the muco- 
periosteal surfaces of the alveolar parts of the upper and lower 
jaws means that most faeial fractures should be eonsidered to 
be open fractures, susceptible to infeetion, and requiring anti- 
biotie therapy. 

Anatomy of Gommon Faeial Fraetnres 

Automobile aeeidents, fisticuffs, and falls are eommon causes of 
faeial fractures. Fortunately, the upper part of the skull is devel- 
oped from membrane (whereas the remainder is developed from 
eartilage); therefore, this part of the skull in ehildren is relatively 
flexible and ean absorb eonsiderable foree without resulting in 
a fracture. 

Signs of fractures of the faeial bones include deformity, ocu- 
lar displaeement, or abnormal movement aeeompanied by erepi- 
tation and malocclusion of the teeth. Anesthesia or paresthesia 
of the faeial skin will follow fracture of bones through which 
branehes of the trigeminal nerve pass to the skin. 

The muscles of the faee are thin and weak and cause little 
displaeement of the bone fragments. Onee a fracture of the 
maxilla has been reduced, for example, prolonged fixation is 
not needed. However, in the ease of the mandible, the strong 
muscles of mastieation ean ereate eonsiderable displaeement, 
requiring long periods of fixation. 

The most eommon faeial fractures involve the nasal bones, 
followed by the zygomatie bone and then the mandible. To frae- 
ture the maxillary bones and the supraorbital ridges of the frontal 
bones, an enormous foree is required. 

Nasal Fraetares 

Fractures of the nasal bones, because of the prominenee of the 
nose, are the most eommon faeial fractures. Because the bones 
are lined with mucoperiosteum, the fracture is eonsidered open; 
the overlying skin may also be laeerated. Although most are sim- 
ple fractures and are reduced under loeal anesthesia, some are 
assoeiated with severe injuries to the nasal septum and require 
careful treatment under general anesthesia. 

Maxillofacial Fraetores 

Maxillofacial fractures usually occur as the result of massive 
faeial trauma. There is extensive faeial swelling, midfaee mobil- 
ity of the underlying bone on palpation, malocclusion of the teeth 
with anterior open bite, and possibly leakage of eerebrospinal 
fluid (eerebrospinal rhinorrhea) seeondary to fracture of the erib- 
riform plate of the ethmoid bone. Double vision (diplopia) may be 
present, owing to orbital wall damage. Involvement of the infraor- 
bital nerve with anesthesia or paresthesia of the skin of the eheek 
and upper gum may occur in fractures of the body of the maxilla. 


(continued) 
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Nose bleeding may also occur in maxillary fractures. Blood 
enters the maxillary air sinus and then leaks into the nasal eavity. 

The sites of the fractures were elassified by Le Fort as type I, 
II, or lll;these fractures are summarized in Figure 11.7. 

Blowout Fractures of the Maxìlla 

Asevere blowto the orbit(asfrom a baseball) may causethe eon- 
tents of the orbital eavity to explode downward through the floor 
of the orbit into the maxillary sinus. Damage to the infraorbital 


nerve, resulting in altered sensation to the skin of the eheek, 
upper lip, and gum, may occur. 

Fractures of the Zygoma or Zygomatie Areh 

The zygoma or zygomatie areh ean be fractured by a blow to the 
side of the faee. Although it ean occur as an isolated fracture, 
as from a blow from a elenehed fist, it may be assoeiated with 
multiple other fractures of the faee, as often seen in automobile 
aeeidents. 


Neonatal Sknll 

The newborn sknll (Fig. 11.8), eompared with the adnlt 
sknll, has a disproportionately large eraninm relative to the 
faee. In ehildhood, the growth of the mandible, the max- 
illary sinnses, and the alveolar proeesses of the maxillae 
resnlts in a great inerease in length of the faee. 

The bones of the sknll are smooth and nnilaminar, there 
being no diploè present. Most of the sknll bones are ossified 
at birth, but the proeess is ineomplete, and the bones are 
mobile on eaeh other, being eonneeted by fibrous tissue or 
eartilage. The bones of the vault are ossified in membrane; 
the bones of the base are ossified in eartilage. The bones of 
the vault are not elosely knit at sutures, as in the adult, but 
are separated by unossified membranons intervals ealled 
fontanelles. Glinieally, the anterior and posterior fonta- 
nelles are most important and are easily examined in the 
midline of the vault. 

The anterior fontanelle is diamond shaped and lies 
between the two halves of the frontal bone in front and 
the two parietal bones behind (Fig. 11.8). The fibrons 
membrane forming the fioor of the anterior fontanelle is 
replaeed by bone and is elosed by 18 months of age. The 
posterior fontanelle is triangnlar and lies between the two 
parietal bones in front and the oeeipital bone behind. By 
the end of the Ist year, the fontanelle is usually elosed and 
ean no longer be palpated. 



Le Fort I Le Fort II Le Fort III 



The tympanie part of the temporal bone is merely a 
C-shaped ring at birth, eompared with a C-shaped curved 
plate in the adult. This means that the external anditory 
meatus is almost entirely eartilaginons in the newborn, and 
the tympanie membrane is nearer the snrfaee. Althongh 
the tympanie membrane is nearly as large as in the adult, it 
faees more inferiorly. During ehildhood, the tympanie plate 
grows laterally, forming the bony part of the meatus, and the 
tympanie membrane eomes to faee more direetly laterally. 

The mastoid proeess is not present at birth (Fig. 11.8) 
and develops later in response to the pull of the sternoeleid- 
omastoid muscle when the ehild moves his or her head. 

At birth, the mastoid antrnm lies about 3 mm deep to 
the fioor of the snprameatal triangle. As growth of the 
skull continues, the lateral bony wall thiekens so that at 
pnberty the antrnm may lie as much as 15 mm from the 
surface. 

The mandible has right and left halves at birth, united in 
the midline with fibrons tissue. The two halves fuse at the 
sympbysis menti by the end of the Ist year. 

The angle of tbe mandible at birth is obtuse (Fig. 11.8), 
the head being plaeed level with the upper margin of the 
body and the eoronoid proeess lying at a snperior level to 
the head. It is only after ernption of the permanent teeth 
that the angle of the mandible assnmes the adult shape and 
the head and neek grow so that the head eomes to lie higher 
than the eoronoid proeess. 

In old age, the size of the mandible is redneed when 
the teeth are lost. As the alveolar part of the bone beeomes 
smaller, the ramus beeomes oblique in position so that the 
head is bent posteriorly. 



eiìnìeal Featnres of the Neonatal Sknll 
Fontanelles 

Palpation of the fontanelles enables the physieian to deter- 
mine the progress of growth in the surrounding bones, the 
degree of hydration of the baby (e.g., if the fontanelles are 
depressed belowthe surface, the baby is dehydrated), and the 
state of the intraeranial pressure (a bulging fontanelle indi- 
eates raised intraeranial pressure). 


FIGURE 11.7 Le Fort elassifieation of maxillofacial fractures. 
The red line denotes the fracture line. 


(continued) 
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Samples of eerebrospinal fluid ean be obtained by passing 
a long needle obliquely through the anteriorfontanelle into the 
subarachnoid spaee or even into the lateral ventriele. 

eiinieally, it is usually not possible to palpate the anterior 
fontanelle after 18 months, because the frontal and parietal 
bones have enlarged to elose the gap. 

Tympanie Membrane 

At birth, the tympanie membrane faees more dovvnvvard and 
less laterally than in maturity; vvhen examined vvith the oto- 
seope, ittherefore lies more obliquely in the infantthan in the 
adult. 

Foreeps Delivery and the Faeial Nerve 

In the nevvborn infant, the mastoid proeess is not developed, 
and the faeial nerve, as it emerges from the stylomastoid fora- 
men, is elose to the surface. Thus, it ean be damaged by for- 
eeps in a difficult delivery. 

V__ J 


The Meninges 

The brain in the sknll is snrronnded by three proteetive 
membranes, or meninges: the dura mater, the araehnoid 
mater, and the pia mater. (The spinal eord in the vertebral 
column is also surrounded by three meninges. See page 699.) 

Dura Mater of the Brain 

The dura mater is eonventionally deseribed as two layers: 
the endosteal layer and the meningeal layer (Fig. 11.2). 
These are elosely united except along eertain lines, where 
they separate to form venous sinuses. 

The endosteal layer is nothing more than the ordinary 
periostenm eovering the inner snrfaee of the skull bones. It 
does not extend throngh the foramen magnum to beeome 
continuous with the dura mater of the spinal eord. Around 
the margins of all the foramina in the skull, it beeomes 


continuous with the periosteum on the ontside of the skull 
bones. At the sutures, it is continuous with the sutural liga- 
ments. It is most strongly adherent to the bones over the 
base of the skull. 

The meningeal layer is the dura mater proper. It is a 
dense, strong, fibrons membrane eovering the brain and is 
continuous through the foramen magnum with the dura 
mater of the spinal eord. It provides tubular sheaths for the 
eranial nerves as the latter pass throngh the foramina in the 
skull. Outside the skull, the sheaths fuse with the epineu- 
rium of the nerves. 

The meningeal layer sends inward four septa that divide 
the eranial eavity into freely eommnnieating spaees lodging 
the snbdivisions of the brain. The fimetion of these septa is 
to restriet the rotatory displaeement of the brain. 

The falx eerebri is a siekle-shaped fold of dura mater 
that lies in the midline between the two eerebral hemi- 
spheres (Figs. 11.9 and 11.13). Its narrow end in front is 
attaehed to the internal frontal erest and the erista galli. Its 
broad posterior part blends in the midline with the upper 
surface of the tentorium eerebelli. The superior sagittal 
sinus runs in its upper fixed margin, the inferior sagittal 
sinus runs in its lower eoneave free margin, and the straight 
sinus runs along its attaehment to the tentorinm eerebelli. 

The tentorium eerebelli is a ereseent-shaped fold of dura 
mater that roofs over the posterior eranial fossa (Figs. 11.9, 
11.10, and 11.11). It eovers the upper surface of the eerebel- 
lum and snpports the oeeipital lobes of the eerebral hemi- 
spheres. In front is a gap, the tentorial noteh, for the passage 
of the midbrain (Figs. 11.11 and 11.12), thus producing an 
inner free border and an outer attaehed or fixed border. The 
fixed border is attaehed to the posterior elinoid proeesses, 
the snperior borders of the petrons bones, and the margins 
of the grooves for the transverse sinnses on the oeeipital 
bone. The free border runs forward at its two ends, erosses 
the attaehed border, and is affixed to the anterior elinoid pro- 
eess on eaeh side. At the point where the two borders eross, 
the third and fourth eranial nerves pass forward to enter the 
lateral wall of the eavernons sinus (Figs. 11.11 and 11.12). 


anterior fontanelle 



FIGURE 11.8 Neonatal skull as seen from the anterior (A) and lateral (B) aspeets. 
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FIGURE11.9 I nterior of the skull shovving the dura mater and its eontained venous sinuses. Note the eonneetions of the 
veins of the sealp and the veins of the faee vvith the venous sinuses. 
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FIGURE 11.10 Diaph ragma sellae and tentorium eerebelli. Note the position of the venous sinuses 
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FIGURE 11.11 Lateral vievv of the skull shovving the falx eerebri, tentorium eerebelli, brainstem, and trigeminal ganglion 


eiose to the apex of the petrous part of the temporal 
bone, the lower layer of the tentorium is pouched forward 
beneath the snperior petrosal sinus to form a reeess for the 
trigeminal nerve and the trigeminal ganglion (Fig. 11.11). 

The falx eerebri and the falx eerebelli are attaehed to the 
upper and lower snrfaees of the tentorinm, respeetively. 
The straight sinus runs along its attaehment to the falx eer- 
ebri, the snperior petrosal sinus along its attaehment to the 
petrons bone, and the transverse sinus along its attaehment 
to the oeeipital bone (Fig. 11.10). 

The falx eerebelli is a small, siekle-shaped fold of dura 
mater that is attaehed to the internal oeeipital erest and 
projeets forward between the two eerebellar hemispheres. 
Its posterior fixed margin eontains the oeeipital sinus. 

The diaphragma sellae is a small circular fold of dura 
mater that forms the roof for the sella turcica (Fig. 11.6). A 
small opening in its eenter allows passage of the stalk of the 
pitnitary gland (Fig. 11.12). 

Dural Nerve Supply 

Branehes of the trigeminal, vagus, and first three eervieal 
nerves and branehes from the sympathetie system pass to 
the dura. 

Numerous sensory endings are in the dura. The dura 
is sensitive to stretehing, which prodnees the sensation 
of headaehe. Stimnlation of the sensory endings of the 


trigeminal nerve above the level of the tentorinm eerebelli 
prodnees referred pain to an area of skin on the same side 
of the head. Stimnlation of the dural endings below the 
level of the tentorinm prodnees referred pain to the baek of 
the neek and baek of the sealp along the distribntion of the 
greater oeeipital nerve. 

Dural Arterial Supply 

Numerous arteries supply the dura mater from the internal 
earotid, maxillary, aseending pharyngeal, oeeipital, and ver- 
tebral arteries. From a elinieal standpoint, the most impor- 
tant is the middle meningeal artery, which is eommonly 
damaged in head injnries. 

The middle meningeal artery arises from the maxillary 
artery in the infratemporal fossa (see page 598). It enters 
the eranial eavity and runs forward and laterally in a groove 
on the upper surface of the squamous part of the tempo- 
ral bone (Fig. 11.20). To enter the eranial eavity, it passes 
throngh the foramen spinosnm to lie between the menin- 
geal and endosteal layers of dura. Its fnrther course in the 
middle eranial fossa is deseribed on page 598. The anterior 
(frontal) braneh deeply grooves or tnnnels the anteroinfe- 
rior angle of the parietal bone, and its course eorresponds 
ronghly to the line of the nnderlying preeentral gyrus of the 
brain. The posterior (parietal) braneh curves backward and 
snpplies the posterior part of the dura mater. 
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FIGURE 11.12 A.The forebrain has been rennoved, leaving the nnidbrain, the hypophysis eerebri, and the internal earotid and 
basilar arteries in position. B. Sagittal seetion through the sella turcica shovving the hypophysis eerebri. C. Goronal seetion 
through the body of the sphenoid shovving the hypophysis eerebri and the cavernous sinuses. Note the position of the era- 
nial nerves. 
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Dural Venous Drainage 

The meningeal veins lie in the endosteal layer of dura. The 
middle meningeal vein follows the branehes of the mid- 
dle meningeal artery and drains into the pterygoid venous 
plexus or the sphenoparietal sinus. The veins lie lateral to 
the arteries. 

Araehnoid Mater of the Brain 

The araehnoid mater is a delieate, impermeable mem- 
brane eovering the brain and lying between the pia mater 
internally and the dura mater externally (Fig. 11.2). It is 
separated from the dura by a potential spaee, the subdural 
spaee, and from the pia by the subarachnoid spaee, which 
is filled with eerebrospinal fluid. 

The araehnoid bridges over the sulci on the snrfaee of 
the brain, and in eertain sitnations the araehnoid and pia 
are widely separated to form the subarachnoid eisternae. 

In eertain areas, the araehnoid projeets into the venous 
sinuses to form araehnoid villi. The araehnoid villi are 
most numerous along the snperior sagittal sinus. Aggrega- 
tions of araehnoid villi are referred to as araehnoid granu- 
lations (Fig. 11.2). Araehnoid villi serve as sites where the 
eerebrospinal fluid diffiises into the bloodstream. 

It is important to remember that structures passing to 
and from the brain to the skull or its foramina must pass 
through the subarachnoid spaee. All the eerebral arter- 
ies and veins lie in the spaee, as do the eranial nerves 
(Fig. 11.2). The araehnoid fnses with the epineurium of the 
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intraeranial Hemorrhage 

intraeranial hemorrhage may result from trauma or eerebral 
vascular lesions. Four varieties are eonsidered here: extradural, 
subdural, subarachnoid, and eerebral. 

Extradural hemorrhage results from injuries to the meningeal 
arteries or veins. The most eommon artery to be damaged is the 
anterior division of the middle meningeal artery. A eomparatively 
minor blow to the side of the head, resulting in fracture of the 
skull in the region of the anteroinferior portion of the parietal 
bone, may sever the artery. The arterial or venous injury is espe- 
eially liable to occur if the artery and vein enter a bony eanal in 
this region. Bleeding occurs and strips up the meningeal layer of 
dura from the internal surface of the skull. The intraeranial pres- 
sure rises, and the enlarging blood elot exerts loeal pressure on 
the underlying motor area in the preeentral gyrus. Blood may 
also pass outward through the fracture line to form a soft swell- 
ing under the temporalis muscle. 

To stop the hemorrhage, the torn artery or vein must be 
ligated or plugged. The burr hole through the skull wall should 
be plaeed about 1 to 1.5 in. (2.5 to 4 em) above the midpoint ofthe 
zygomatie areh. 

Subdural hemorrhage results from tearing of the superior 
eerebral veins at their point of entranee into the superior sagit- 
tal sinus. The cause is usually a blow on the front or the baek of 


nerves at their point of exit from the sknll. In the ease of the 
optie nerve, the araehnoid forms a sheath for the nerve that 
extends into the orbital eavity throngh the optie eanal and 
fiises with the selera of the eyeball (Fig. 11.25). Thus, the 
subarachnoid spaee extends around the optie nerve as far 
as the eyeball (see page 554). 

The eerebrospinal flnid is prodneed by the ehoroid 
plexuses within the lateral, third, and fourth ventrieles 
of the brain. It eseapes from the ventrienlar system of the 
brain throngh the three foramina in the roof of the fourth 
ventriele and so enters the snbaraehnoid spaee. It now eir- 
enlates both upward over the surfaces of the eerebral hemi- 
spheres and downward around the spinal eord. The spinal 
snbaraehnoid spaee extends down as far as the seeond 
saeral vertebra (see Fig. 12.7). Eventnally, the fluid enters 
the bloodstream by passing into the araehnoid villi and dif- 
fiising throngh their walls. 

In addition to removing waste prodnets assoeiated with 
nenronal aetivity, the eerebrospinal fluid provides a fluid 
medium in which the brain floats. This meehanism effee- 
tively proteets the brain from trauma. 

Pia Mater of the Brain 

The pia mater is a vascular membrane that elosely invests 
the brain, eovering the gyri and deseending into the deep- 
est sulci (Fig. 11.2). It extends over the eranial nerves and 
fiises with their epineurium. The eerebral arteries entering 
the snbstanee of the brain earry a sheath of pia with them. 



the head, causing excessive anteroposterior displaeement ofthe 
brain within the skull. 

This eondition, which is much more eommon than middle 
meningeal hemorrhage, ean be produced by a sudden minor 
blow. Onee the vein is torn, blood under low pressure begins 
to accumulate in the potential spaee between the dura and the 
araehnoid. In about half the eases, the eondition is bilateral. 

Acute and ehronie forms of the elinieal eondition occur, 
depending on the speed of accumulation of fluid in the subdu- 
ral spaee. For example, if the patient starts to vomit, the venous 
pressure will rise as a result of a rise in the intrathoraeie pres- 
sure. Llnder these circumstances, the subdural blood elot will 
inerease rapidly in size and produce acute symptoms. In the 
ehronie form, over a course of several months, the small blood 
elot will attraet fluid by osmosis so that a hemorrhagie eyst is 
formed, which gradually expands and produces pressure symp- 
toms. In both forms, the blood elot must be removed through burr 
holes in the skull. 

Subarachnoid hemorrhage results from leakage or rupture of 
a eongenital aneurysm on the eirele of VVillis or, less eommonly, 
from an angioma. The symptoms, which are sudden in onset, 
include severe headaehe, stiffness of the neek, and loss of eon- 
sciousness. The diagnosis is established by withdrawing heav- 
ily blood-stained eerebrospinal fluid through a lumbar puncture 
(spinal tap). 


(eontinaedj 
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Gerebral hemorrhage ís generally eansed by rupture of the 
thin-walled lenticulostriate artery, a braneh of the middle eere- 
bral artery. The hemorrhage involves the vital corticobulbar 
and eortieospinal fibers in the internal capsule and produces 
hemiplegia on the opposite side of the body. The patient imme- 
diately loses consciousness, and the paralysis is evident when 
consciousness is regained. 


intraeranìal Hemorrhage ìn the Infant 

intraeranial hemorrhage in the infant may occur during birth and 
may result from excessive molding of the head. Bleeding may 
occur from the eerebral veins or the venous sinuses. Excessive 
anteroposterior eompression of the head often tears the ante- 
rior attaehment of the falx eerebri from the tentorium eerebelli. 
Bleeding then takes plaee from the great eerebral veins, the 
straight sinns, or the inferior sagittal sinns. 


TheVenous Blood Sinuses 

The venous sinuses of the eranial eavity are blood-filled spaees 
sitnated between the layers of the dura mater (Fig. 11.2); they 
are lined by endothelinm. Their waUs are thiek and eomposed 
of fibrons tissue; they have no muscular tissue. The sinuses 
have no valves. They reeeive tribntaries from the brain, the 
diploè of the skull, the orbit, and the internal ear. 

The superior sagittal sinus lies in the upper fixed bor- 
der of the falx eerebri (Fig. 11.9). It runs backward and 
beeomes continuous with the right transverse sinus. The 
sinus communicates on eaeh side with the venous lacunae. 
Numerous araehnoid villi and grannlations projeet into the 
laennae (Fig. 11.2). The snperior sagittal sinus reeeives the 
snperior eerebral veins. 

The inferior sagittal sinus lies in the free lower margin of 
the fabe eerebri. It runs backward and joins the great eerebral 
vein to form the straight sinus (Fig. 11.9). It reeeives eerebral 
veins from the medial snrfaee of the eerebral hemisphere. 

The straight sinus lies at the jnnetion of the falx eer- 
ebri with the tentorinm eerebelli (Fig. 11.9). Formed by the 
union of the inferior sagittal sinus with the great eerebral 
vein, it drains into the left transverse sinus. 

The right transverse sinus begins as a eontinnation 
of the snperior sagittal sinus; the left transverse sinus is 
usually a continuation of the straight sinus (Figs. 11.9 and 
11.10). Eaeh sinus lies in the lateral attaehed margin of the 
tentorinm eerebelli, and they end on eaeh side by beeoming 
the sigmoid sinus. 

The sigmoid sinuses are a direet continuation of the 
transverse sinnses. Eaeh sinus turns downward behind the 
mastoid antrnm of the temporal bone and then leaves the 
skull through the jugular foramen to beeome the internal 
jugular vein (Eig. 11.30). 

The oeeipital sinus lies in the attaehed margin of the 
fabe eerebelli. It eommnnieates with the vertebral veins 
throngh the foramen magnum and the transverse sinnses. 

Eaeh cavernous sinus lies on the lateral side of the body of 
the sphenoid bone (Eig. 11.9). Anteriorly, the sinus reeeives 
the inferior ophthalmie vein and the eentral vein of the ret- 
ina. The sinus drains posteriorly into the transverse sinus 
through the superior petrosal sinus. Intercavernous sinuses 
eonneet the two eavernons sinnses throngh the sella tnreiea. 

Important Structures Assoeiated with 
the Cavernous Sinuses 

■ The internal earotid artery and the 6th eranial nerve, 
which travel throngh it (Eig. 11.12) 

■ In the lateral wall, the 3rd and 4th eranial nerves, and 
the ophthalmie and maxillary divisions of the 5th eranial 
nerve (Eig. 11.12). 


■ The pitnitary gland, which lies medially in the sella 
tnreiea (Eig. 11.12) 

■ The veins of the faee, which are eonneeted with 
the eavernons sinus via the faeial vein and inferior 
ophthalmie vein, are an important route for the spread 
of infeetion from the faee (Eig. 11.9) 

■ The superior and inferior petrosal sinuses, which run 
along the upper and lower borders of the petrons part of 
the temporal bone (Eig. 11.9) 

Pituitary Gland (Hypophysis Cerebri) 

The pitnitary gland is a small, oval structure attaehed to 
the undersurface of the brain by the infundibulum (Eig. 
11.12). The gland is well proteeted by virtue of its loea- 
tion in the sella tnreiea of the sphenoid bone. The pitnitary 
gland is vital to life and is fnlly deseribed on page 652. 

Parts of the Brain 

Eor a detailed deseription of the gross structure of the 
brain, a textbook of nenroanatomy should be consulted. In 
the following aeeonnt, only the main parts of the brain are 
deseribed. 

Major Parts of the Brain Cavities of the Brain 


Forebrain 


r Cerebrum 


Dieneephalon 


Right and left lateral 
ventrieles 
Third ventriele 


Midbrain 

Hindbrain 


Pons 

Medullaoblongata 

Cerebellum 


eerebral aqueduct 
Fourth ventriele 
and eentral 
eanal 


The brain is that part of the eentral nervons system that 
lies inside the eranial eavity. It is continuous with the spinal 
eord throngh the foramen magnum. 

Gerebmm 

The eerebmm is the largest part of the brain and eon- 
sists of two eerebral hemispheres eonneeted by a mass 
of white matter ealled the corpus callosum (Eig. 11.13). 
Eaeh hemisphere extends from the frontal to the oeeipital 
bones; above the anterior and middle eranial fossae; and, 
posteriorly, above the tentorinm eerebelli. The hemispheres 
are separated by a deep eleft, the longitudinal fissnre, into 
which projeets the falx eerebri (Eig. 11.13). 

The snrfaee layer of eaeh hemisphere is ealled the cortex 
and is eomposed of gray matter (Eig. 11.2). The eerebral 
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FIGURE 11.13 Sagittal seetion of the head and neek. 


cortex is thrown into folds, or gyri, separated by fissnres, or 
sulci. By this means, the snrfaee area of the cortex is greatly 
inereased. Several of the large snlei eonveniently snbdivide 
the snrfaee of eaeh hemisphere into lobes. The lobes are 
named for the bones of the eraninm nnder which they lie 
(Fig. 11.14). 

The frontal lobe is sitnated in front of the eentral sulcus 
(Fig. 11.14) and above the lateral sulcus. The parietal lobe 
is sitnated behind the eentral snlens and above the lateral 
snlens. The oeeipital lobe lies below the parietooeeipital 


sulcus. Below the lateral snlens is sitnated the temporal 
lobe. 

The preeentral gyrus lies immediately anterior to the 
eentral snlens and is known as the motor area (Fig. 11.14). 
The large motor nerve eells in this area eontrol volnntary 
movements on the opposite side of the body. Most nerve 
fibers eross over to the opposite side in the mednlla oblon- 
gata as they deseend to the spinal eord. 

In the motor area, the body is represented in an inverted 
position, with the nerve eells eontrolling the movements 
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FIGURE 11.14 A. Right side of the brain shovving some important loealized areas of eerebral function. Note that the motor 
speeeh area is most eommonly loeated in the left rather than the right eerebral hemisphere. B. Lateral surface of the eerebral 
hemisphere shovving areas supplied by the eerebral arteries. In this and the next figure, areas eolored blue are supplied 
by the anterior eerebral artery; those eolored red, by the middle eerebral artery; and those eolored green, by the posterior 
eerebral artery. C. Medial surface of the eerebral hemisphere shovving the areas supplied by the eerebral arteries. 


of the feet loeated in the npper part and those eontrolling 
the movements of the faee and hands in the lower part 
(Fig. 11.14). 

The posteentral gyrns lies immediately posterior to 
the eentral snlens and is known as the sensory area (Fig. 
11.14). The small nerve eells in this area reeeive and inter- 
pret sensations of pain, temperatnre, toneh, and pressnre 
from the opposite side of the body. 

The snperior temporal gyrns lies immediately below 
the lateral snlens (Fig. 11.14). The middle of this gyrns is 
eoneerned with the reeeption and interpretation of sonnd 
and is known as the anditory area. 

Broea’s area, or the motor speeeh area, lies just above 
the lateral sulcus (Fig. 11.14). It eontrols the movements 
employed in speeeh. It is dominant in the left hemisphere 
in right-handed persons and in the right hemisphere in 
left-handed persons. 

The visual area is sitnated on the posterior pole and 
medial aspeet of the eerebral hemisphere in the region of 
the ealearine sulcus (Fig. 11.14). It is the reeeiving area for 
visual impressions. 

The eavity present within eaeh eerebral hemi- 
sphere is ealled the lateral ventriele. The lateral ventri- 


eles eommnnieate with the third ventriele throngh the 

interventrienlar foramina (Fig. 11.13). 

Dieneephalon 

The dieneephalon is almost eompletely hidden from the 
snrfaee of the brain. It eonsists of a dorsal thalamns (Fig. 
11.13) and a ventral hypothalamns. The thalamns is a large 
mass of gray matter that lies on either side of the third ven- 
triele. It is the great relay station on the afferent sensory 
pathway to the eerebral cortex. 

The hypothalamns forms the lower part of the lateral 
wall and floor of the third ventriele. The following struc- 
tures are found in the floor of the third ventriele from 
before backward: the optie ehiasma (Fig. 11.15), the tuber 
cinereum and the infundibulum, the mammillary bodies, 
and the posterior perforated substance. 

Midbrain 

The midbrain is the narrow part of the brain that passes 
throngh the tentorial noteh and eonneets the forebrain to 
the hindbrain (Fig. 11.13). 
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FIGLIRE 11.15 Arteries and eranial nerves seen on the inferior surface of the brain.To shovv the course of the middle eerebral 
artery, the anterior pole of the left temporal lobe has been removed. 


The midbrain eomprises two lateral halves ealled the 
eerebral peduncles; eaeh of these is divided into an ante- 
rior part, the crus eerebri; and a posterior part, the tegmen- 
tum, by a pigmented band of gray matter, the substantia 
nigra (Fig. 11.12). The narrow eavity of the midbrain is the 
eerebral aqueduct, which eonneets the third and fourth 
ventrieles. The tectum is the part of the midbrain posterior 
to the eerebral aqueduct; it has four small surface swellings, 
namely, the two superior (Fig. 11.12) and two inferior eol- 
liculi. The colliculi are deeply plaeed between the eerebel- 
lum and the eerebral hemispheres. 

The pineal body is a small glandular structure that lies 
between the superior colliculi (Fig. 11.13). It is attaehed by 
a stalk to the region of the posterior wall of the third ven- 
triele (see also page 656). The pineal eommonly ealeifies in 
middle age, and thus it ean be visnalized on radiographs. 

Hindbrain 

The pons is sitnated on the anterior snrfaee of the eerebel- 
lum below the midbrain and above the medulla oblongata 


(Fig. 11.13). It is eomposed mainly of nerve fibers, which 
eonneet the two halves of the eerebellnm. It also eontains 
aseending and deseending fibers eonneeting the forebrain, 
the midbrain, and the spinal eord. Some of the nerve eells 
within the pons serve as relay stations, whereas others form 
eranial nerve nuclei. 

The medulla oblongata is eonieal in shape and eon- 
neets the pons above to the spinal eord below (Fig. 11.13). 
A median fissnre is present on the anterior snrfaee of the 
mednlla, and on eaeh side of this is a swelling ealled the 
pyramid (Fig. 11.15). The pyramids are eomposed of bun- 
dles of nerve fibers that originate in large nerve eells in the 
preeentral gyrus of the eerebral cortex. The pyramids taper 
below, and here most of the deseending fibers eross over to 
the opposite side, forming the deenssation of the pyramids. 

Posterior to the pyramids are the olives, which are oval 
elevations prodneed by the nnderlying olivary nuclei (Fig. 
11.15). Behind the olives are the inferior eerebellar pedun- 
eles, which eonneet the mednlla to the cerebellum. 

On the posterior snrfaee of the inferior part of the mednlla 
oblongata are the graeile and enneate tnbereles, prodneed 
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by the medially plaeed underlying nucleus graeilis and the 
laterally plaeed underlying nucleus cuneatus. 

The cerebellum lies within the posterior eranial fossa 
beneath the tentorinm eerebelli (Fig. 11.13). It is sitnated 
posterior to the pons and the mednlla oblongata. It eon- 
sists of two hemispheres eonneeted by a median portion, 
the vermis. The eerebellnm is eonneeted to the midbrain 
by the superior eerebellar peduncles, to the pons by the 
middle eerebellar pednneles, and to the mednlla by the 
inferior eerebellar pednneles. 

The snrfaee layer of eaeh eerebellar hemisphere, ealled 
the cortex, is eomposed of gray matter. The eerebellar eor- 
tex is thrown into folds, or folia, separated by elosely set 
transverse fissnres. Gertain masses of gray matter are found 
in the interior of the eerebellnm, embedded in the white 
matter; the largest of these is known as the dentate nucleus. 

The eerebellnm plays an important role in the eontrol of 
muscle tone and the eoordination of muscle movement on 
the same side of the body. 

The eavity of the hindbrain is the fourth ventriele 
(Fig. 11.13). This is bonnded in front by the pons and the 
mednlla oblongata and behind by the superior and infe- 
rior mednllary vela and the eerebellnm. The fourth ventri- 
ele is eonneeted above to the third ventriele by the eerebral 
aqueduct, and below it is continuous with the eentral eanal 
of the spinal eord. It eommnnieates with the snbaraehnoid 
spaee throngh three openings in the lower part of the roof: 
a median and two lateral openings. 

Ventrieles of the Brain 

The ventrieles of the brain eonsist of the two lateral ventri- 
eles, the third ventriele, and the fourth ventriele. The two 
lateral ventrieles eommnnieate with the third ventriele 
throngh the interventrienlar foramina (Fig. 11.13); the 
third ventriele eommnnieates with the fourth ventriele 
by the eerebral aqueduct. The fourth ventriele, in turn, 
is continuous with the narrow eentral eanal of the spinal 
eord and, throngh the three foramina in its roof, with the 
snbaraehnoid spaee. The ventrieles are filled with eerebro- 
spinal fiuid, which is produced by the ehoroid plexuses 
of the two lateral ventrieles, the third ventriele, and the 
fourth ventriele. The size and shape of the eerebral ventri- 
eles may be visnalized elinieally using eompnted tomogra- 
phy (CT) seans and magnetie resonanee imaging (MRI). 
(Figs 11.124,11.125, and 11.126) 

Blood Supply of the Brain 

Arteries of the Brain 

The brain is snpplied by the two internal earotid and the 
two vertebral arteries. The four arteries anastomose on the 
inferior snrfaee of the brain and form the eirele of Willis 
(circulus arteriosus). 

The internal earotid arteries, the vertebral arteries, and 
the eirele of Willis are fnlly deseribed on pages 598 and 599. 

Veins of the Brain 

The veins of the brain have no muscular tissue in their thin 
walls, and they possess no valves. They emerge from the 
brain and drain into the eranial venous sinuses (Fig. 11.2). 
Gerebral and eerebellar veins and veins of the brainstem are 


present. The great eerebral vein is formed by the union of 
the two internal eerebral veins and drains into the straight 
sinus (Fig. 11.9). 


e L I N I e A L N 0 T E S 


Braìn Injnrìes 

lnjuries of the brain are produced by displaeement and distor- 
tion of the neuronal tissues atthe moment of impaet. The brain 
may be likened to a log soaked with waterfloating submerged 
in water. The brain is floating in the eerebrospinal fluid in the 
subarachnoid spaee and is eapable of a eertain amount of 
anteroposterior movement, which is limited by the attaehment 
of the superior eerebral veins to the superior sagittal sinus. 
Lateral displaeement of the brain is limited by the falx eerebri. 
The tentorium eerebelli and the falx eerebelli also restriet dis- 
plaeement of the brain. 

Itfollows from these anatomie faets that blows on the front 
or baek of the head lead to displaeement of the brain, which 
may produce severe eerebral damage, stretehing and distor- 
tion of the brainstem, and stretehing and even tearing of the 
commissures of the brain. The terms concussion, contusion, 
and laeeration are used elinieally to deseribe the degrees of 
brain injury. 

Blows on the side of the head produce less eerebral 
displaeement, and the injuries to the brain consequently tend 
to be less severe. 

V_ J 


The Granial Nerves in the Granial Gavity 

The 12 pairs of eranial nerves are named as follows: 

I. Olfaetory (sensory) 

II. Optie (sensory) 

III. Oenlomotor (motor) 

IV. Troehlear (motor) 

V. Trigeminal (mixed) 

VI. Abdneent (motor) 

VII. Faeial (mixed) 

VIII. Vestibnloeoehlear (sensory) 

IX. Glossopharyngeal (mixed) 

X. Vagus (mixed) 

XI. Aeeessory (motor) 

XII. Hypoglossal (motor) 

The nerves emerge from the brain and are transmitted 
throngh foramina and fissnres in the base of the skull. 
All the nerves are distribnted in the head and neek except 
the vagus, which also supplies structures in the thorax 
and abdomen. The olfaetory, optie, and vestibnloeoeh- 
lear nerves are entirely sensory; the oenlomotor, troeh- 
lear, abdneent, aeeessory, and hypoglossal nerves are 
entirely motor; and the remaining nerves are mixed. The 
origins and eonrses of the eranial nerves are deseribed 
on page 605. 

The eranial nerves, their eomponent parts, their fime- 
tion, and the openings throngh which they exit from the 
skull are summarized in Table 11.6. 
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The Orbital Region 

The orbits are a pair of bony eavities that eontain the 
eyeballs; their assoeiated mnseles, nerves, vessels, and fat; 
and most of the laerimal apparatns. The orbital opening is 
gnarded by two thin, movable folds, the eyelids. 

Eyelids 

The eyelids proteet the eye from injnry and excessive 
light by their elosnre (Fig. 11.16). The npper eyelid is 


larger and more mobile than the lower, and they meet 
eaeh other at the medial and lateral angles. The palpe- 
bral fissnre is the elliptieal opening between the eye- 
lids and is the entranee into the eonjnnetival sae. When 
the eye is elosed, the npper eyelid eompletely eovers the 
eornea of the eye. When the eye is open and looking 
straight ahead, the npper lid just eovers the upper mar- 
gin of the eornea. The lower lid lies just below the eor- 
nea when the eye is open and rises only slightly when 
the eye is elosed. 
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FIGURE 11.16 A. Right eye, vvith the eyelids separated to shovv the openings of the tarsal glands, pliea semilunaris, caruncula 
laerimalis, and puncta laerimalis. B. Left eye, shovving the superior and inferior tarsal plates and the laerimal gland, sae, and 
duct. Note that a small vvindovv has been cut in the orbital septum to shovv the underlying laerimal gland and fat (yellovv). 
e. Sagittal seetion through the upper eyelid, and the superior fomix of the conjunctiva. Note the presenee of smooth muscle 
in the levator palpebrae superioris. 
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The superficial surface of the eyelids is eovered by skin, 
and the deep snrfaee is eovered by a mucous membrane 
ealled the conjunctiva. The eyelashes are short, curved 
hairs onthefree edges ofthe eyelids (Figs. ll.lóand 11.17). 
They are arranged in double or triple rows at the mucocu- 
taneous junction. The sebaeeons glands (glands of Zeis) 
open direetly into the eyelash follieles. The eiliary glands 
(glands of Moll) are modified sweat glands that open sepa- 
rately between adjaeent lashes. The tarsal glands are long, 
modified sebaeeons glands that pour their oily seeretion 
onto the margin of the lid; their openings lie behind the 
eyelashes (Fig. 11.16). This oily material prevents the over- 
fiow of tears and helps make the elosed eyelids airtight. 

The more ronnded medial angle is separated from the 
eyeball by a small spaee, the lacus laerimalis, in the eenter 
of which is a small, reddish yellow elevation, the caruncula 
laerimalis (Figs. 11.16 and 11.17). A reddish semilnnar 
fold, ealled the pliea semilunaris, lies on the lateral side of 
the earnnele. 

Near the medial angle of the eye a small elevation, the 
papilla laerimalis, is present. On the summit of the papilla 
is a small hole, the punctum laerimale, which leads into the 
canaliculus laerimalis (Figs. 11.16 and 11.17). The papilla 
laerimalis projeets into the lacus, and the punctum and 
canaliculus earry tears down into the nose (see page 551). 

The conjunctiva is a thin mucous membrane that lines 
the eyelids and is refieeted at the snperior and inferior for- 
niees onto the anterior snrfaee of the eyeball (Fig. 11.16). 
Its epithelinm is continuous with that of the eornea. The 
upper lateral part of the superior fornix is piereed by the 
ducts of the laerimal gland (see below). The eonjnnetiva 
thus forms a potential spaee, the eonjnnetival sae, which is 
open at the palpebral fissnre. Beneath the eyelid is a groove, 
the snbtarsal sulcus, which runs elose to and parallel with 
the margin of the lid (Fig. 11.16). The sulcus tends to trap 


small foreign partieles introdneed into the eonjnnetival sae 
and is thus elinieally important. 

The framework of the eyelids is formed by a fibrons 
sheet, the orbital septum (Fig. 11.16). This is attaehed to 
the periostenm at the orbital margins. The orbital septum 
is thiekened at the margins of the lids to form the supe- 
rior and inferior tarsal plates. The lateral ends of the plates 
are attaehed by a band, the lateral palpebral ligament, to 
a bony tnberele just within the orbital margin. The medial 
ends of the plates are attaehed by a band, the medial palpe- 
bral ligament, to the erest of the laerimal bone (Fig. 11.16). 
The tarsal glands are embedded in the posterior snrfaee of 
the tarsal plates. 

The snperfieial snrfaee of the tarsal plates and the orbital 
septum are eovered by the palpebral fibers of the orbienla- 
ris oculi muscle (Table 11.16). The aponemosis of inser- 
tion of the levator palpebrae superioris muscle pierees the 
orbital septum to reaeh the anterior snrfaee of the snperior 
tarsal plate and the skin (Fig. 11.16). 

Movements of the Eyelids 

The position of the eyelids at rest depends on the tone of 
the orbicularis oculi and the levator palpebrae superio- 
ris muscles and the position of the eyeball. The eyelids are 
elosed by the eontraetion of the orbienlaris oculi and the 
relaxation of the levator palpebrae snperioris mnseles. The 
eye is opened by the levator palpebrae snperioris raising the 
upper lid. On looking upward, the levator palpebrae supe- 
rioris eontraets, and the upper lid moves with the eyeball. 
On looking downward, both lids move, the upper lid eon- 
tinues to eover the upper part of the eornea, and the lower 
lid is pulled downward slightly by the eonjnnetiva, which is 
attaehed to the selera and the lower lid. 

The origins and insertions of the mnseles of the eyelids 
are snmmarized in Table 11.2. 
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palpebral ligament 

caruncula laerimalis 

superficial 
conjunctival 
plexus of arteries 



papilla 

laerimalis 


posterior margin 
of eyelid 

anterior margin 
of eyelid 


punctum laerimalis inferior fornix of conjunctiva 


FIGIJRE 11.17 Left eye of a 29-year-old vvoman. A.The names of structures seen in the examination of the eye. B. An enlarged 
vievv of the medial angle betvveen the eyelids. G.The lovver eyelid pulled dovvnvvard and slightly everted to reveal the 
punctum laerimale. 
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Muscles of the Eyeball and Eyelids 



Muscle 

Origin 

Insertion 

Nerve Snpply 

Aetion 

Extrinsic Muscles of 

Eyeball (Striated Skeletal Muscle) 



Superior rectus 

Tendinous ring on 
posterior wall of 
orbital eavity 

Superior surface of 
eyeball just posteriorto 
eorneoseleral junction 

Oculomotor nerve 
(3rd eranial nerve) 

Raises eornea upward and 
medially 

Inferior rectus 

Tendinous ring on 
posterior wall of 
orbital eavity 

Inferior surface of eyeball just 
posteriorto eorneoseleral 
junction 

Oculomotor nerve 
(3rd eranial nerve) 

Depresses eornea 
downward and medially 

Medial rectus 

Tendinous ring on 
posterior wall of 
orbital eavity 

Medial surface of eyeball just 
posteriorto eorneoseleral 
junction 

Oculomotor nerve 
(3rd eranial nerve) 

Rotates eyeball so that 
eornea looks medially 

Lateral rectus 

Tendinous ring on 
posterior wall of 
orbital eavity 

Lateral surface of eyeball just 
posteriorto eorneoseleral 
junction 

Abducent nerve (6th 
eranial nerve) 

Rotates eyeball so that 
eornea looks laterally 

Superior oblique 

Posterior wall of 
orbital eavity 

Passes through pulley and 
is attaehed to superior 
surface of eyeball beneath 
superior rectus 

Troehlear nerve 
(4th eranial nerve) 

Rotates eyeball so that 
eornea looks downward 
and laterally 

Inferior oblique 

Floor of orbital eavity 

Lateral surface of eyeball 
deep to lateral rectus 

Oculomotor nerve 
(3rd eranial nerve) 

Rotates eyeball so that 
eornea looks upward and 
laterally 

intrinsie Mnseles of Eyeball (Smooth Muscle) 




Sphineter pupillae 
of iris 



Parasympathetie via 
oculomotor nerve 

Gonstriets pupil 

Dilator pupillae 
of iris 



Sympathetie 

Dilates pupil 

Giliary muscle 



Parasympathetie via 
oculomotor nerve 

Gontrols shape of lens; in 
aeeommodation, makes 
lens more globular 

Muscles of Eyelids 

Orbicularis oculi 
(see Table 11.4) 





Levator palpebrae 
superioris 

Baek of orbital eavity 

Anterior surface and upper 
margin of superior tarsal 
plate 

Striated muscle 
oculomotor nerve, 
smooth muscle 
sympathetie 

Raises upper lid 


Laerimal Apparatus 

Laerimal Gland 

The laerimal gland eonsists of a large orbital part and a 
small palpebral part, which are eontinnons with eaeh other 
aronnd the lateral edge of the aponenrosis of the levator 
palpebrae snperioris. It is sitnated above the eyeball in the 
anterior and npper part of the orbit posterior to the orbital 
septnm (Fig. 11.16). The gland opens into the lateral part of 
the snperior fornbe of the eonjnnetiva by 12 dnets. 

The parasympathetie seeretomotor nerve snpply is 
derived from the laerimal nnelens of the faeial nerve. The 
preganglionie fibers reaeh the pterygopalatine ganglion 
(sphenopalatine ganglion) via the nervns intermedins and 
its great petrosal braneh and via the nerve of the pterygoid 


eanal. The postganglionie fibers leave the ganglion and 
join the maxillary nerve. They then pass into its zygomatie 
braneh and the zygomatieotemporal nerve. They reaeh the 
laerimal gland within the laerimal nerve. 

The sympathetie postganglionie nerve snpply is from 
the internal earotid plexus and travels in the deep petrosal 
nerve, the nerve of the pterygoid eanal, the maxillary nerve, 
the zygomatie nerve, the zygomatieotemporal nerve, and 
finally the laerimal nerve. 

Laerimal Ducts 

The tears circulate aeross the eornea and accumulate in the 
laens laerimalis. From here, the tears enter the eanalienli 
laerimales throngh the pnneta laerimalis. The eanalienli 
laerimales pass medially and open into the laerimal sae 








552 GHAPTERll The Head and Neek 


(Fig. 11.16), which lies in the laerimal groove behind the 
medial palpebral ligament and is the npper blind end of the 
nasolaerimal duct. 

The nasolaerimal duct is about 0.5 in. (1.3 em) long and 
emerges from the lower end of the laerimal sae (Fig. 11.16). 
The duct deseends downward, backward, and laterally in a 
bony eanal and opens into the inferior meatus of the nose. 
The opening is gnarded by a fold of mucous membrane 
known as the laerimal fold. This prevents air from being 
foreed up the duct into the laerimal sae on blowing the 
nose. 


The Orbit 

Deseription 

The orbit is a pyramidal eavity with its base anterior and its 
apex posterior (Fig. 11.18). The orbital margin is formed 
above by the frontal bone, the lateral margin is formed by 
the proeesses of the frontal and zygomatie bones, the infe- 
rior margin is formed by the zygomatie bone and the max- 
illa, and the medial margin is formed by the proeesses of 
the maxilla and the frontal bone. 
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FIGURE 11.18 A. Right eyeball exposed from in front. B. Muscles and nerves of the left orbit as seen from in front. C. Bones 
forming the vvalls of the right orbit. D.The optie eanal and the superior and infehor orbital fissures on the left side. 
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The orbital walls are shown in Fignre 11.18. 

Roof: Formed by the orbital plate of the frontal bone, 
which separates the orbital eavity from the anterior era- 
nial fossa and the frontal lobe of the eerebral hemisphere 

Lateral wall: Formed by the zygomatie bone and the greater 
wing of the sphenoid (Fig. 11.18) 

Floor: Formed by the orbital plate of the maxilla, which 
separates the orbital eavity from the maxillary sinns 

Medial wall: Formed from before backward by the fron- 
tal proeess of the maxilla, the laerimal bone, the orbital 
plate of the ethmoid (which separates the orbital eavity 
from the ethmoid sinnses), and the body of the sphenoid 

Openings into the Orbital Gavity 

The openings into the orbital eavity are shown in 

Fignre 11.18. 

Orbital opening: Lies anteriorly (Fig. 11.18). Abont one 
sixth of the eye is exposed; the remainder is proteeted by 
the walls of the orbit. 

Snpraorbital noteh (Foramen): The snpraorbital noteh is 
sitnated on the snperior orbital margin (Fig. 11.18). It 
transmits the snpraorbital nerve and blood vessels. 


Infraorbital groove and eanal: Sitnated on the floor of the 
orbit in the orbital plate of the maxilla (Fig. 11.19); they 
transmit the infraorbital nerve (a eontinnation of the 
maxillary nerve) and blood vessels. 

Nasolaerimal eanal: Loeated anteriorly on the medial wall; 
it eommnnieates with the inferior meatns of the nose 
(Fig. 11.16). It transmits the nasolaerimal duct. 

Inferior orbital fissnre: Loeated posteriorly between 
the maxilla and the greater wing of the sphenoid 
(Fig. 11.18); it communicates with the pterygopalatine 
fossa. It transmits the maxillary nerve and its zygomatie 
braneh, the inferior ophthalmie vein, and sympathetie 
nerves. 

Snperior orbital fissnre: Loeated posteriorly between the 
greater and lesser wings of the sphenoid (Fig. 11.18); it 
eommnnieates with the middle eranial fossa. It transmits 
the laerimal nerve, the frontal nerve, the troehlear nerve, 
the oenlomotor nerve (upper and lower divisions), the 
abdneent nerve, the nasoeiliary nerve, and the snperior 
ophthalmie vein. 

Optie eanal: Loeated posteriorly in the lesser wing of the 
sphenoid (Fig. 11.18); it eommnnieates with the middle 
eranial fossa. It transmits the optie nerve and the oph- 
thalmie artery. 
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FIGLIRE 11.19 Muscles and nerves of the right orbit vievved from the lateral side. The maxillary nerve and the pterygopalatine 
ganglion are also shovvn. 
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Orbital Faseia 

The orbital faseia is the periosteum of the bones that form 
the walls of the orbit. It is loosely attaehed to the bones 
and is continuous through the foramina and fissnres with 
the periostenm eovering the outer surfaces of the bones. 
The muscle of Miiller, or orbitalis muscle, is a thin layer 
of smooth muscle that bridges the inferior orbital fissnre. 
It is snpplied by sympathetie nerves, and its fimetion is 
unknown. 

Nerves of the Orbit 

Optìe Nerve 

The optie nerve enters the orbit from the middle eranial 
fossa by passing throngh the optie eanal (Fig. 11.20). It is 
aeeompanied by the ophthalmie artery, which lies on its 
lower lateral side. The nerve is surrounded by sheaths of 


pia mater, araehnoid mater, and dura mater (Fig. 11.25). It 
runs forward and laterally within the eone of the reeti mus- 
eles and pierees the selera at a point medial to the posterior 
pole of the eyeball. Here, the meninges fiise with the selera 
so that the snbaraehnoid spaee with its eontained eerebro- 
spinal fiuid extends forward from the middle eranial fossa, 
around the optie nerve, and throngh the optie eanal, as far 
as the eyeball. A rise in pressnre of the eerebrospinal fiuid 
within the eranial eavity therefore is transmitted to the 
baek of the eyeball. 

Laerimal Nerve 

The laerimal nerve arises from the ophthalmie division of 
the trigeminal nerve. It enters the orbit throngh the upper 
part of the superior orbital fissure (Fig. II. 18) and passes 
forward along the upper border of the lateral rectus muscle 
(Fig. 11.20). It is joined by a braneh of the zygomatieotem- 
poral nerve, which later leaves it to enter the laerimal gland 
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FIGURE 11.20 Right and left orbital eavities vievved from above.The roof of the orbit, formed by the orbital plate of the frontal 
bone, has been removed from both sides. On the left side, the levator palpebrae superioris and the superior rectus muscles 
have also been removed to expose the underlying structures. 
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(parasympathetie seeretomotor fibers). The laerimal nerve 
ends by snpplying the skin of the lateral part of the npper lid. 

Frontal Nerve 

The frontal nerve arises from the ophthalmie division of 
the trigeminal nerve. It enters the orbit throngh the npper 
part of the snperior orbital fissnre (Fig. 11.18) and passes 
forward on the npper snrfaee of the levator palpebrae supe- 
rioris beneath the roof of the orbit (Fig. 11.20). It divides 
into the supratrochlear and supraorbital nerves that wind 
around the upper margin of the orbital eavity to supply the 
skin of the forehead; the snpraorbital nerve also snpplies 
the mucous membrane of the frontal air sinus. 

Troehlear Nerve 

The troehlear nerve enters the orbit throngh the upper part 
of the superior orbital fissure (Fig. 11.18). It runs forward 
and snpplies the snperior oblique muscle (Fig. 11.20). 

Oculomotor Nerve 

The superior ramus of the oculomotor nerve enters the 
orbit throngh the lower part of the snperior orbital fissnre 
(Fig. 11.18). It snpplies the snperior rectus muscle, then 
pierees it, and snpplies the levator palpebrae snperioris 
muscle (Fig. 11.18). 

The inferior ramus of the oculomotor nerve enters the 
orbit in a similar manner and snpplies the inferior rectus, 
the medial rectus, and the inferior oblique muscles. The 
nerve to the inferior oblique gives off a braneh (Fig. 11.19) 
that passes to the eiliary ganglion and earries parasympa- 
thetie fibers to the sphineter pnpillae and the eiliary muscle 
(see below). 

Nasoeiliary Nerve 

The nasoeiliary nerve arises from the ophthalmie division 
of the trigeminal nerve. It enters the orbit throngh the lower 
part of the snperior orbital fissnre (Fig. 11.18). It erosses 
above the optie nerve, runs forward along the upper margin 
of the medial rectus muscle, and ends by dividing into the 
anterior ethmoidal and infratroehlear nerves (Fig. 11.20). 

Branehes of the Nasoeiliary Nerve 

■ The eommnnieating braneh to the eiliary ganglion is a 

sensory nerve. The sensory fibers from the eyeball pass 
to the eiliary ganglion via the short eiliary nerves, pass 
throngh the ganglion without interruption, and then 
join the nasoeiliary nerve by means of the eommnnieat- 
ing braneh. 

■ The long eiliary nerves, two or three in number, arise 
from the nasoeiliary nerve as it erosses the optie nerve 
(Fig. 11.20). They eontain sympathetie fibers for the 
dilator pnpillae muscle. The nerves pass forward with 
the short eiliary nerves and pieree the selera of the eye- 
ball. They eontinne forward between the selera and the 
ehoroid to reaeh the iris. 

■ The posterior ethmoidal nerve snpplies the ethmoidal 
and sphenoidal air sinnses (Fig. 11.20). 

■ The infratroehlear nerve passes forward below the pul- 
ley of the superior oblique muscle and snpplies the skin 
of the medial part of the upper eyelid and the adjaeent 
part ofthe nose (Fig. 11.16). 


■ The anterior ethmoidal nerve passes throngh the ante- 
rior ethmoidal foramen and enters the anterior eranial 
fossa on the upper surface of the eribriform plate of the 
ethmoid (Fig. 11.20). It enters the nasal eavity throngh 
a slitlike opening alongside the erista galli. After supply- 
ing an area of mucous membrane, it appears on the faee 
as the external nasal braneh at the lower border of the 
nasal bone, and snpplies the skin of the nose down as far 
as the tip (see page 580). 

Abducent Nerve 

The abdneent nerve enters the orbit throngh the lower part 
of the snperior orbital fissnre (Fig. 11.18). It snpplies the 
lateral rectus muscle. 

eiliary Ganglion 

The eiliary ganglion is a parasympathetie ganglion about the 
size of a pinhead (Fig. 11.19) and sitnated in the posterior 
part of the orbit. It reeeives its preganglionie parasympa- 
thetie fibers from the oenlomotor nerve via the nerve to the 
inferior oblique. The postganglionie fibers leave the ganglion 
in the short eiliary nerves, which enter the baek of the eye- 
ball and supply the sphineter pnpillae and the eiliary muscle. 

A number of sympathetie fibers pass from the internal 
earotid plexus into the orbit and run throngh the ganglion 
without interruption. 

Blood Vessels and Lymph Vessels of the 
Orhit 

Ophthalmie Artery 

The ophthalmie artery is a braneh of the internal earotid 
artery after that vessel emerges from the eavernons sinus 
(see page 599). It enters the orbit throngh the optie eanal 
with the optie nerve (Fig. 11.20). It runs forward and erosses 
the optie nerve to reaeh the medial wall of the orbit. It gives 
off numerous branehes, which aeeompany the nerves in the 
orbital eavity. 

Branehes of the Ophthalmie Artery 

■ The eentral artery of the retina is a small braneh that 
pierees the meningeal sheaths of the optie nerve to gain 
entranee to the nerve (Figs. 11.25 and 11.26). It runs 
in the snbstanee of the optie nerve and enters the eye- 
ball at the eenter of the optie dise. Here, it divides into 
branehes, which may be stndied in a patient throngh an 
ophthalmoseope. The branehes are end arteries. 

■ The mnsenlar branehes 

■ The eiliary arteries ean be divided into anterior and 
posterior groups. The former group enters the eyeball 
near the eorneoseleral jnnetion; the latter group enters 
near the optie nerve. 

■ The laerimal artery to the laerimal gland 

■ The snpratroehlear and snpraorbital arteries are dis- 
tribnted to the skin of the forehead (see page 581). 

OphthalmieVeins 

The snperior ophthalmie vein eommnnieates in front with 
the faeial vein (Fig. 11.9). The inferior ophthalmie vein 
eommnnieates throngh the inferior orbital fissnre with the 
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pterygoid venous plexus. Both veins pass backward throngh 
the snperior orbital fissnre and drain into the eavernons sinus. 

Lymph Vessels 

No lymph vessels or nodes are present in the orbital eavity. 

The Eye 

Movements of the Eyeball 

Terms Used in Deseribing Eye Movements 

The eenter of the eornea or the eenter of the pupil is used 
as the anatomie “anterior pole” of the eye. All movements 
of the eye are then related to the direetion of the movement 
of the anterior pole as it rotates on any one of the three axes 
(horizontal, vertieal, and sagittal). The terminology then 
beeomes as follows: Elevation is the rotation of the eye 
upward, depression is the rotation of the eye downward, 
abdnetion is the rotation of the eye laterally, and addnetion 
is the rotation of the eye medially. Rotatory movements of 
the eyeball use the upper rim of the eornea (or pupil) as the 
marker. The eye rotates either medially or laterally. 


Extrinsic Muscles Producing Movement of the 
Eye 

There are six voluntary mnseles that run from the posterior 
wall of the orbital eavity to the eyeball (Fig. 11.18). These 
are the snperior reetns, the inferior reetns, the medial 
reetns, the lateral reetns, and the snperior and inferior 
oblique muscles. 

Beeanse the snperior and the inferior reeti are inserted 
on the medial side of the vertieal axis of the eyeball, 
they not only raise and depress the eornea, respeetively, 
but also rotate it medially (Fig. 11.21). For the superior 
rectus muscle to raise the eornea direetly upward, the 
inferior oblique muscle must assist; for the inferior rectus 
to depress the eornea direetly downward, the snperior 
oblique muscle must assist (Figs. 11.21 and 11.22). Note 
that the tendon of the snperior oblique muscle passes 
through a fibrocartilaginous pulley (troehlea) attaehed to 
the frontal bone. The tendon now turns backward and lat- 
erally and is inserted into the selera beneath the snperior 
rectus muscle. 

The origins, insertions, nerve supply, and aetions of the 
mnseles of the eyeball are snmmarized in Table 11.2. Study 
earefiilly Figure 11.24. 
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FIGURE 11.21 The aetions of the four reeti muscles in producing movements of the eyeball. 
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FIGURE 11.22 The aetions of the superior and inferior oblique nnuscles in producing movements of the eyeball. 


eiiniealTesting for the Aetions of the Superior 
and Inferior Reeti and the Superior and Inferior 
Oblique Muscles 

Because the aetions of the superior and inferior reeti and the 
snperior and inferior oblique muscles are eomplieated when 
a patient is asked to look vertieally upward or vertieally 
downward, the physieian tests the eye movements where the 
single aetion of eaeh muscle predominates (Fig. 11.23). 

The origins of the snperior and inferior reeti are sitnated 
about 23° medial to their insertions, and, therefore, when 
the patient is asked to turn the eornea laterally, these mus- 
eles are plaeed in the optimnm position to raise (snperior 
rectus) or lower (inferior rectus) the eornea. 

Using the same rationale, the snperior and inferior 
oblique muscles ean be tested. The pulley of the superior 
oblique and the origin of the inferior oblique muscles lie 
medial and anterior to their insertions. The physieian tests 
the aetion of these mnseles by asking the patient first to look 
medially, thus plaeing these mnseles in the optimnm posi- 
tion to lower (snperior oblique) or raise (inferior oblique) 
the eornea. In other words, when you ask a patient to look 
medially and downward at the tip of his or her nose, you 
are testing the snperior oblique at its best position. Gon- 
versely, by asking the patient to look medially and upward, 
you are testing the inferior oblique at its best position. 


Beeanse the lateral and medial reeti are simply plaeed 
relative to the eyeball, asking the patient to turn his or 
her eornea direetly laterally tests the lateral rectus and 
tnrning the eornea direetly medially tests the medial 
rectus. 

The eardinal positions of the eyes and the aetions of the 
reeti and oblique muscles are shown in Figure 11.24. 

intrinsie Mnseles 

The involuntary intrinsie mnseles are the eiliary muscle 
and the eonstrietor, and the dilator pupillae of the iris 
take no part in the movement of the eyeball and are dis- 
cussed later. 

Faseial Sheath of the Eyeball 

The faseial sheath surrounds the eyeball from the optie 
nerve to the eorneoseleral jnnetion (Fig. 11.25). It sepa- 
rates the eyeball from the orbital fat and provides it with a 
soeket for free movement. It is perforated by the tendons of 
the orbital mnseles and is refieeted onto eaeh of them as a 
tubular sheath. The sheaths for the tendons of the medial 
and lateral reeti are attaehed to the medial and lateral walls 
of the orbit by triangnlar ligaments ealled the medial and 
lateral eheekligaments. The lower part of the faseial sheath, 
which passes beneath the eyeball and eonneets the eheek 
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FIGURE 11.23 Aetions of the four reeti and two oblique nnus- 
eles of the hght orbit, assoming that eaeh muscle is aeting 
alone.The position of the pupil in relation to the vertieal and 
horizontal planes should be noted in eaeh ease.The aetions 
of the superior and inferior reeti and the oblique muscles 
in the living intaet eye are tested elinieally, as deseribed on 
page 557. 


ligaments, is thiekened and serves to snspend the eyeball; 
it is ealled the suspensory ligament of the eye (Fig. 11.25). 
By this means, the eye is snspended from the medial and 
lateral walls of the orbit, as if in a hammoek. 

Structure of the Eye 

The eyeball (Fig. 11.25) is embedded in orbital fat but is 
separated from it by the faseial sheath of the eyeball. The 
eyeball eonsists of three eoats, which, from without inward, 
are the fibrons eoat, the vascular pigmented eoat, and the 
nervous eoat. 

Goats of the Eyehall 

Fibrous Coat 

The fibrous eoat is made up of a posterior opaque part, the 
selera, and an anterior transparent part, the eornea (Fig. 
11.25). 

The Selera 

The opaque selera is eomposed of dense fibrous tissue and 
is white. Posteriorly, it is piereed by the optie nerve and is 
fused with the dural sheath of that nerve (Fig. 11.25). The 


lamìna eribrosa is the area of the selera that is piereed by 
the nerve fibers of the optie nerve. 

The selera is also piereed by the eiliary arteries and 
nerves and their assoeiated veins, the venae vortieosae. The 
selera is direetly continuous in front with the eornea at the 
eorneoseleral junction, or limbus. 

The Gornea 

The transparent eornea is largely responsible for the refrae- 
tion of the light entering the eye (Fig. 11.25). It is in eontaet 
posteriorly with the aqueous humor. 

Blood Supply The eornea is avascular and devoid of lym- 
phatie drainage. It is nourished by diffiision from the aque- 
ous humor and from the eapillaries at its edge. 

Nerve Supply Long eiliary nerves from the ophthalmie 
division of the trigeminal nerve 

Function of the Gornea 

The eornea is the most important refraetive medium of the 
eye. This refraetive power occurs on the anterior snrfaee of 
the eornea, where the refraetive index of the eornea (1.38) 
differs greatly from that of the air. The importanee of the 
tear film in maintaining the normal environment for the 
eorneal epithelial eells should be stressed. 

Vascular Pigmented Coat 

The vascular pigmented eoat eonsists, from behind for- 
ward, of the ehoroid, the eiliary body, and the iris. 

The ehoroid 

The ehoroid is eomposed of an outer pigmented layer and 
an inner, highly vasenlar layer. 

The eiliary Body 

The eiliary body is continuous posteriorly with the eho- 
roid, and anteriorly it lies behind the peripheral margin of 
the iris (Fig. 11.25). It is eomposed of the eiliary ring, the 
eiliary proeesses, and the eiliary muscle. 

The eiliary ring is the posterior part of the body, and its 
surface has shallow grooves, the eiliary striae. 

The eiliary proeesses are radially arranged folds, or 
ridges, to the posterior snrfaees of which are eonneeted the 
snspensory ligaments of the lens. 

The eiliary muscle (Fig. 11.25) is eomposed of meridi- 
anal and circular fibers of smooth muscle. The meridianal 
fibers run backward from the region of the eorneoseleral 
jnnetion to the eiliary proeesses. The circular fibers are 
fewer in number and lie internal to the meridianal fibers. 

■ Nerve supply: The eiliary muscle is supplied by the par- 
asympathetie fibers from the oculomotor nerve. After 
synapsing in the eiliary ganglion, the postganglionie fib- 
ers pass forward to the eyeball in the short eiliary nerves. 

■ Aetion: Gontraetion of the eiliary muscle, espeeially the 
meridianal fibers, pulls the eiliary body forward. This 
relieves the tension in the snspensory ligament, and the 
elastie lens beeomes more convex. This inereases the 
refraetive power of the lens. 

The Iris and Pupil 

The iris is a thin, eontraetile, pigmented diaphragm with a 
eentral apertnre, the pupil (Fig. 11.25). It is suspended in 
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FIGURE 11.24 The eardinal positions of the right and left eyes and the aetions of the reeti and the oblique nnuscles prineipally 
responsible for the movements of the eyes. A. Right eye, superior rectus muscle; left eye, inferior oblique muscle. B. Both 
eyes, superior reeti and inferior oblique muscles. C. Right eye, inferior oblique muscle; left eye, superior rectus muscle. 

D. Right eye, lateral rectus muscle; left eye, medial rectus muscle. E. Primary position, with the eyes fixed on a distant fixa- 
tion point. F. Right eye, medial rectus muscle; left eye, lateral rectus muscle. G. Right eye, inferior rectus muscle; left eye, 
superior oblique muscle. H. Both eyes, inferior reeti and superior oblique muscles. I. Right eye, superior oblique muscle; left 
eye, inferior rectus muscle. 


the aqueous humor between the eornea and the lens. The 
periphery of the iris is attaehed to the anterior snrfaee of 
the eiliary body. It divides the spaee between the lens and 
the eornea into an anterior and a posterior ehamber. 

The muscle fìbers of the iris are involuntary and eonsist 
of eirenlar and radiating fibers. The eirenlar fibers form the 
sphineter pnpillae and are arranged around the margin of 
the pupil. The radial fibers form the dilator pnpillae and 
eonsist of a thin sheet of radial fibers that lie elose to the 
posterior snrfaee. 

■ Nerve snpply: The sphineter pnpillae is snpplied by 
parasympathetie fibers from the oenlomotor nerve. After 
synapsing in the eiliary ganglion, the postganglionie fibers 
pass forward to the eyeball in the short eiliary nerves. The 
dilator pnpillae is snpplied by sympathetie fibers, which 
pass forward to the eyeball in the long eiliary nerves. 


■ Aetion: The sphineter pnpillae eonstriets the pupil in 
the presenee of bright light and during aeeommodation. 
The dilator pnpillae dilates the pupil in the presenee 
of light of low intensity or in the presenee of excessive 
sympathetie aetivity such as occurs in fright. 

Nervous Coat:The Retina 

The retina eonsists of an onter pigmented layer and an 
inner nervons layer. Its outer surface is in eontaet with the 
ehoroid, and its inner snrfaee is in eontaet with the vitreons 
body (Fig. 11.25). The posterior three quarters of the retina 
is the reeeptor organ. Its anterior edge forms a wavy ring, 
the ora serrata, and the nervons tissnes end here. The ante- 
rior part of the retina is nonreeeptive and eonsists merely of 
pigment eells, with a deeper layer of eolnmnar epithelinm. 
This anterior part of the retina eovers the eiliary proeesses 
and the baek of the iris. 
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FIGURE 11.25 A. Horizontal seetion through the eyeball and the optie nerve. Note that the eentral artery and vein of the retina 
eross the subarachnoid spaee to reaeh the optie nerve. B. Gheek ligaments and suspensory ligament of the eyeball. 


At the eenter of the posterior part of the retina is an oval, 
yellowish area, the macula lutea, which is the area of the 
retina for the most distinet vision. It has a eentral depres- 
sion, the fovea eentralis (Figs. 11.25 and 11.26). 

The optie nerve leaves the retina abont 3 mm to the 
medial side of the maenla Intea by the optie dise. The optie 
dise is slightly depressed at its eenter, where it is piereed by 
the eentral artery of the retina. At the optie dise is a eom- 
plete absenee of rods and eones so that it is insensitive to 
light and is referred to as the “blind spot.” On ophthalmo- 
seopie examination, the optie dise is seen to be pale pink in 
eolor, much paler than the surrounding retina. 


Gontents of the Eyeball 

The eontents of the eyeball eonsist of the refraetive media, 
the aqueous humor, the vitreous body, and the lens. 

Aqueous Humor 

The aqueous humor is a elear fluid that fills the anterior 
and posterior ehambers of the eyeball (Fig. 11.25). It is 
believed to be a seeretion from the eiliary proeesses, from 
which it enters the posterior ehamber. It then fiows into 
the anterior ehamber throngh the pupil and is drained 
away throngh the spaees at the iridoeorneal angle into the 
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FIGURE 11.26 The left ocular fundus as seen with an oph- 
thalmoseope. 

eanal of Sehlemm. Obstruction to the draining of the 
aqueous humor results in a rise in intraoenlar pressnre 
ealled glaneoma. This ean prodnee degenerative ehanges in 
the retina, with consequent blindness. 

The fnnetion of the aqueous humor is to support the 
wall of the eyeball by exerting internal pressnre and thus 
maintaining its optieal shape. It also nonrishes the eornea 
and the lens and removes the prodnets of metabolism; 
these fnnetions are important beeanse the eornea and the 
lens do not possess a blood supply. 

Vitreous Body 

The vitreous body fìlls the eyeball behind the lens (Fig. 
11.25) and is a transparent gel. The hyaloid eanal is a nar- 
row ehannel that runs throngh the vitreons body from the 
optie dise to the posterior snrfaee of the lens; in the fetus, it 
is fìlled by the hyaloid artery, which disappears before birth. 

The hmetion of the vitreons body is to eontribnte slightly 
to the magnifying power of the eye. It snpports the poste- 
rior snrfaee of the lens and assists in holding the neural part 
of the retina against the pigmented part of the retina. 

The Lens 

The lens (Fig. 11.25) is a transparent, biconvex structure 
enelosed in a transparent eapsnle. It is sitnated behind the 
iris and in front of the vitreons body and is eneireled by the 
eiliary proeesses. 

The lens eonsists of an elastie capsule, which envelops 
the structure; a cuboidal epithelium, which is eonfined to 
the anterior snrfaee of the lens; and lens fibers, which are 
formed from the enboidal epithelinm at the equator of the 
lens. The lens fibers make up the bulk of the lens. 

The elastie lens eapsnle is under tension, eansing the lens 
eonstantly to endeavor to assume a globular rather than a 
dise shape. The equatorial region, or eirenmferenee, of the 


lens is attaehed to the eiliary proeesses of the eiliary body 
by the suspensory ligament. The pull of the radiating fib- 
ers of the snspensory ligament tends to keep the elastie lens 
flattened so that the eye ean be foensed on distant objeets. 

Aeeommodation of the Eye 

To aeeommodate the eye for elose objeets, the eiliary mus- 
ele eontraets and pulls the eiliary body forward and inward 
so that the radiating flbers of the snspensory ligament are 
relaxed. This allows the elastie lens to assume a more globu- 
lar shape. 

With advaneing age, the lens beeomes denser and less 
elastie, and, as a result, the ability to aeeommodate is less- 
ened (presbyopia). This disability ean be overeome by the 
use of an additional lens in the form of glasses to assist the 
eye in foensing on nearby objeets. 

Constriction of the Pupil during Aeeonnnnodation 
of the Eye 

To ensure that the light rays pass through the eentral part 
of the lens so spherieal aberration is diminished during 
aeeommodation for near objeets, the sphineter pnpillae 
muscle eontraets so the pupil beeomes smaller. 

Gonvergenee of the Eyes during Aeeonnnnodation 
of the Lens 

In humans, the retinae of both eyes focus on only one set 
of objeets (single binoenlar vision). When an objeet moves 
from a distanee toward an individnal, the eyes eonverge so 
that a single objeet, not two, is seen. Gonvergenee of the 
eyes resnlts from the eoordinated eontraetion of the medial 
rectus muscles. 
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Eye Trauma 

Although the eyeball is well proteeted by the surrounding bony 
orbit, it is proteeted anteriorly only from large objeets, such as 
tennis balls, which tend to strike the orbital margin but not the 
globe. The bony orbit provides no proteetion from small objeets, 
such as golf balls, which ean cause severe damage to the eye. 
Careful examination of the eyeball relative to the orbital mar- 
gins shows that it is least proteeted from the lateral side. 

Blowout fractures of the orbital floor involving the maxil- 
lary sinus eommonly occur as a result of blunt foree to the 
faee. If the foree is applied to the eye, the orbital fat explodes 
inferiorly into the maxillary sinus, fracturing the orbital floor. 
Not only ean blowout fractures cause displaeement of the 
eyeball, with resulting symptoms of double vision (diplopia), 
but also the fracture ean injure the infraorbital nerve, produc- 
ing loss of sensation of the skin of the eheek and the gum on 
that side. Entrapment of the inferior rectus muscle in the frae- 
ture may limit upward gaze. 

Strabìsmus 

Many eases of strabismus are nonparalytie and are caused 
by an imbalanee in the aetion of opposing muscles. This type 
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of strabísmys is knovvn as eoneomitant strabismns and is 
eommon in infaney. 

Pnpillary Reflexes 

The popillary reflexes—that is, the reaetion of the pupils to 
light and aeeommodation—depend on the integrity of nervous 
pathvvays. In the direet light reflex, the normal pupil reflexly 
eontraets vvhen a light is shone into the patient's eye. The ner- 
vous impulses pass from the retina along the optie nerve to the 
optie ehiasma and then along the optie traet. Before reaehing 
the lateral geniculate body, the fibers eoneerned vvith this 
reflex leave the traet and pass to the oculomotor nuclei on 
both sides via the preteetal nuclei. From the parasympathetie 
part of the nucleus, efferent fibers leave the midbrain in the 
oculomotor nerve and reaeh the eiliary ganglion via the nerve 
to the inferior oblique. Postganglionie fibers pass to the eon- 
strietor pupillae muscles via the short eiliary nerves. 

The consensual light reflex is tested by shining the light in 
one eye and noting the eontraetion of the pupil in the opposite 
eye. This reflex is possible because the afferent pathvvay just 
deseribed travels to the parasympathetie nuclei of both ocu- 
lomotor nerves. 

The aeeommodation reflex is the eontraetion of the pupil 
that occurs vvhen a person suddenly focuses on a near objeet 
after having focused on a distant objeet. The nervous impulses 
pass from the retina via the optie nerve, the optie ehiasma, the 
optie traet, the lateral geniculate body, the optie radiation, and 
the eerebral cortex ofthe oeeipital lobe ofthe brain.The visual 
cortex is eonneeted to the eye field of the frontal cortex. From 
here, efferent pathvvays pass to the parasympathetie nucleus 
of the oculomotor nerve. From there, the efferent impulses 
reaeh the eonstrietor pupillae via the oculomotor nerve, the 
eiliary ganglion, and the short eiliary nerves. 

V___ J 


The Ear 

The ear eonsists of the external ear; the middle ear, or tym- 
panie eavity; and the internal ear, or labyrinth, which eon- 
tains the organs of hearing and balanee. 

External Ear 

The external ear has an anriele and an external anditory 
meatns. 

The auricle has a eharaeteristie shape (Fig. 11.27A) and 
eolleets air vibrations. It eonsists of a thin plate of elastie 
eartilage eovered by skin. It possesses both extrinsic and 
intrinsie mnseles, which are snpplied by the faeial nerve. 

The external auditory meatus is a enrved tube 
that leads from the auricle to the tympanie membrane 
(Figs. 11.27 and 11.28). It eondnets sound waves from the 
anriele to the tympanie membrane. 

The framework of the outer third of the meatus is elas- 
tie eartilage, and the inner two thirds is bone, formed by 
the tympanie plate. The meatus is lined by skin, and its 
outer third is provided with hairs and sebaceous and 
ceruminous glands. The latter are modified sweat glands 
that seerete a yellowish brown wax. The hairs and the wax 


provide a stieky barrier that prevents the entranee of for- 
eign bodies. 

The sensory nerve supply of the lining skin is derived 
from the auriculotemporal nerve and the auricular braneh 
of the vagus nerve. 

The lymph drainage is to the snperfieial parotid, mas- 
toid, and snperfieial eervieal lymph nodes. 
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Tympanìe Membrane Examìnatìon 

Otoseopie examination of the tympanie membrane is faeili- 
tated by first straightening the external auditory meatus by 
gently pulling the auricle upvvard and baekvvard in the adult, 
and straight baekvvard or baekvvard and dovvnvvard in the 
infant. Normally, the tympanie membrane is pearly gray and 
eoneave. Remember that in the adult the external meatus is 
about 1 in. (2.5 em) long and is narrovvest about 0.2 in. (5 mm) 
from the tympanie membrane. 

V___ J 


Middle Ear (Tympanie Gavity) 

The middle ear is an air-eontaining eavity in the petrons 
part of the temporal bone (Fig. 11.28) and is lined with 
mucous membrane. It eontains the anditory ossieles, whose 
fimetion is to transmit the vibrations of the tympanie mem- 
brane (eardrnm) to the perilymph of the internal ear. It is a 
narrow, oblique, slitlike eavity whose long axis lies approxi- 
mately parallel to the plane of the tympanie membrane. It 
eommnnieates in front throngh the anditory tube with the 
nasopharynx and behind with the mastoid antrnm. 

The middle ear has a roof, floor, anterior wall, posterior 
wall, lateral wall, and medial wall. 

The roof is formed by a thin plate of bone, the teg- 
men tympani, which is part of the petrons temporal bone 
(Figs. 11.29 and 11.30). It separates the tympanie eavity 
from the meninges and the temporal lobe of the brain in 
the middle eranial fossa. 

The floor is formed by a thin plate of bone, which may 
be partly replaeed by fibrons tissue. It separates the tym- 
panie eavity from the snperior bulb of the internal jugular 
vein (Fig. 11.30). 

The anterior wall is formed below by a thin plate of 
bone that separates the tympanie eavity from the internal 
earotid artery (Fig. 11.30). At the upper part of the anterior 
wall are the openings into two eanals. The lower and larger 
of these leads into the anditory tube, and the upper and 
smaller is the entranee into the eanal for the tensor tympani 
muscle (Fig. 11.29). The thin, bony septum, which sepa- 
rates the eanals, is prolonged backward on the medial wall, 
where it forms a shelflike projeetion. 

The posterior wall has in its upper part a large, irregu- 
lar opening, the aditus to the mastoid antrum (Figs. 11.29 
and 11.30). Below this is a small, hollow, eonieal projeetion, 
the pyramid, from whose apex emerges the tendon of the 
stapedius muscle. 
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FIGURE 11.27 A. Different parts of the auricle of the external ear. The arrovv indieates the direetion that the auricle should 
be pulled to straighten the external auditory nneatus before insertion of the otoseope in the adult. B. External and middle 
portions of the right ear vievved from in front. G.The right tympanie membrane as seen through the otoseope. 
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FIGURE 11.28 A. Parts of the right ear in relation to the temporal bone vievved from above. B.The auditory ossieles. 
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FIGURE 11.29 A. Lateral vvall of the right middle ear vievved from the medial side. Note the position of the ossieles and the 
mastoid antrum. B. Medial vvall of the right middle ear vievved from the lateral side. Note the position of the faeial nerve in its 
bony eanal. 
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FIGURE 11.30 A.The nniddle ear and its relations. Bony (B) and membranoys (C) labyrinths. 


The lateral wall is largely formed by the tympanie 
membrane (Figs. 11.27 and 11.29). 

The medial wall is formed by the lateral wall of the 
inner ear. The greater part of the wall shows a ronnded 
projeetion, ealled the promontory, which resnlts from the 
nnderlying first turn of the eoehlea (Figs. 11.27 and 11.29). 
Above and behind the promontory lies the fenestra ves- 
tibnli, which is oval shaped and elosed by the base of the 
stapes. On the medial side of the window is the perilymph 
of the seala vestibuli of the internal ear. Below the posterior 
end of the promontory lies the fenestra eoehleae, which is 
round and elosed by the seeondary tympanie membrane. 


On the medial side of this window is the perilymph of the 
blind end of the seala tympani (see page 569). 

The bony shelf derived from the anterior wall extends 
backward on the medial wall above the promontory 
and above the fenestra vestibnli. It snpports the ten- 
sor tympani muscle. Its posterior end is curved upward 
and forms a pulley, the proeessns eoehleariformis, 
around which the tendon of the tensor tympani bends 
laterally to reaeh its insertion on the handle of the 
mallens (Fig. 11.29). 

A ronnded ridge runs horizontally backward above the 
promontory and the fenestra vestibnli and is known as the 
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prominenee of the faeial nerve eanal. On reaehing the 
posterior wall, it enrves downward behind the pyramid. 

The tympanie membrane (Fig. 11.27) is a thin, fibrons 
membrane that is pearly gray. The membrane is obliquely 
plaeed, faeing downward, forward, and laterally. It is eon- 
eave laterally, and at the depth of the eoneavity is a small 
depression, the umbo, produced by the tip of the handle of 
the mallens. When the membrane is illnminated throngh 
an otoseope, the eoneavity prodnees a “eone of light,” which 
radiates anteriorly and inferiorly from the umbo. 

The tympanie membrane is eirenlar and measnres about 
1 em in diameter. The eirenmferenee is thiekened and is 
slotted into a groove in the bone. The groove, or tympanie 
sulcus, is defieient snperiorly, which forms a noteh. From 
the sides of the noteh, two bands, termed the anterior and 
posterior malleolar folds, pass to the lateral proeess of the 
mallens. The small triangnlar area on the tympanie mem- 
brane that is bonnded by the folds is slaek and is ealled the 
pars flaeeida (Fig. 11.27). The remainder of the membrane 
is tense and is ealled the pars tensa. The handle of the mal- 
leus is bound down to the inner snrfaee of the tympanie 
membrane by the mucous membrane. 

The tympanie membrane is extremely sensitive to pain 
and is innervated on its outer surface by the auriculotem- 
poral nerve and the auricular braneh of the vagus. 

Auditory Ossieles 

The auditory ossieles are the malleus, incus, and stapes 
(Figs. 11.28 and 11.29). 

The mallens is the largest ossiele and possesses a head, 
a neek, a long proeess or handle, an anterior proeess, and a 
lateral proeess. 

The bead is ronnded and artienlates posteriorly with 
the incus. The neek is the eonstrieted part below the head. 
The bandle passes downward and backward and is firmly 
attaehed to the medial snrfaee of the tympanie membrane. 
It ean be seen throngh the tympanie membrane on oto- 
seopie examination. The anterior proeess is a spienle of 
bone that is eonneeted to the anterior wall of the tympanie 
eavity by a ligament. The lateral proeess projeets laterally 
and is attaehed to the anterior and posterior malleolar folds 
of the tympanie membrane. 

The incus possesses a large body and two proeesses 
(Fig. 11.29). 

The body is ronnded and artienlates anteriorly with the 
head of the mallens. 

The long proeess deseends behind and parallel to the 
handle of the mallens. Its lower end bends medially and 


artienlates with the head of the stapes. Its shadow on the 
tympanie membrane ean sometimes be reeognized on 
otoseopie examination. 

The short proeess projeets backward and is attaehed to 
the posterior wall of the tympanie eavity by a ligament. 

The stapes has a head, a neek, two limbs, and a base 
(Fig. 11.28). 

The head is small and artienlates with the long proeess 
of the incus. The neek is narrow and reeeives the insertion 
of the stapedins muscle. The two limbs diverge from the 
neek and are attaehed to the oval base. The edge of the base 
is attaehed to the margin of the fenestra vestibnli by a ring 
of fibrons tissue, the anular ligament. 

Muscles of the Ossieles 

These are the tensor tympani and the stapedins mnseles. 
The mnseles of the ossieles, their nerve supply, and their 
aetions are snmmarized in Table 11.3. 

Movements of the Auditory Ossieles 

The mallens and incus rotate on an anteroposterior axis that 
runs throngh the ligament eonneeting the anterior proeess 
of the mallens to the anterior wall of the tympanie eav- 
ity, the anterior proeess of the mallens and the short proeess 
of the incus, and the ligament eonneeting the short proeess 
of the incus to the posterior wall of the tympanie eavity. 

When the tympanie membrane moves medially 
(Fig. 11.31), the handle of the mallens also moves medially. 
The head of the mallens and the body of the incus move 
laterally. The long proeess of the incus moves medially 
with the stapes. The base of the stapes is pushed medi- 
ally in the fenestra vestibnli, and the motion is eommnni- 
eated to the perilymph in the seala vestibnli. Liquid being 
ineompressible, the perilymph causes an outward bulg- 
ing of the seeondary tympanie membrane in the fenestra 
eoehleae at the lower end of the seala tympani (Fig. 11.31). 
The above movements are reversed if the tympanie mem- 
brane moves laterally. Excessive lateral movements of the 
head of the mallens cause a temporary separation of the 
artienlar snrfaees between the mallens and incus so that 
the base of the stapes is not pulled laterally out of the 
fenestra vestibnli. 

During passage of the vibrations from the tympanie 
membrane to the perilymph via the small ossieles, the lev- 
erage inereases at a rate of 1.3 to 1. Moreover, the area of the 
tympanie membrane is about 17 times greater than that of 
the base of the stapes, eansing the effeetive pressnre on the 
perilymph to inerease by a total of 22 to 1. 


TABLE 


Muscle 



Muscles of the Middle Ear 



Insertion 


Nerve Supply Aetion 



Tensor tympani Wall of aoditory tube and wall of its 

own eanal 


Handle of malleus Mandibular division Dampens down vibrations of 

of trigeminal nerve tympanie membrane 


Stapedius Pyramid (bony projeetion on posterior Neekofstapes Faeial nerve 

wall of middle ear) 


Dampens down vibrations of 
stapes 
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FIGLIRE 11.31 A. Vibrations of music passing into the external auditory meatus cause the tympanie membrane to move medi- 
ally; the head of the malleus and incus move laterally, and the long proeess of the incus, vvith the stapes, moves laterally. 
B.The medial movement of the base of the stapes in the fenestra vestibuli causes motion (arrovvs) in the perilymph in the 
seala vestibuli. At the apex of the eoehlea (the helieotrema), the eompression vvave in the perilymph passes dovvn the seala 
tympani, causing a lateral bulging of the seeondary tympanie membrane in the fenestra eoehleae. C. Movement of the 
perilymph (arrovvs) after movement of the base of the stapes. Note the position of the basilar fibers of the basilar membrane. 


AuditoryTube 

The auditory tube eonneets the anterior wall of the tym- 
panie eavity to the nasal pharynx (Fig. 11.27). Its posterior 
third is bony, and its anterior two thirds is eartilaginons. As 
the tube deseends, it passes over the upper border of the 
superior eonstrietor muscle (Fig. 11.80). It serves to equalize 
air pressures in the tympanie eavity and the nasal pharynx. 

Mastoid Antrum 

The mastoid antrnm lies behind the middle ear in the 
petrons part of the temporal bone (Fig. 11.28). It commu- 
nieates with the middle ear by the aditus (Fig. 11.29). 

Relations of the Mastoid Antrunn 

These are important in nnderstanding the spread of 
infeetion. 

Anterior wall is related to the middle ear and eontains 
the aditus to the mastoid antrum (Fig. 11.30). 

Posterior wall separates the antrum from the sigmoid 
venous sinus and the eerebellnm (Fig. 11.30). 

Lateral wall is (1.5 em) thiek and forms the floor of the 
snprameatal triangle (see page 663). 

Medial wall is related to the posterior semieirenlar eanal 
(Fig. 11.30). 


Snperior wall is the thin plate of bone, the tegmen tym- 
pani, which is related to the meninges of the middle eranial 
fossa and the temporal lobe of the brain (Fig. 11.30). 

Inferior wall is perforated with holes, throngh which 
the antrnm eommnnieates with the mastoid air eells 
(Fig. 11.30). 

Mastoid Air Cells 

The mastoid proeess begins to develop during the seeond 
year of life. The mastoid air eells are a series of eommnni- 
eating eavities within the proeess that are continuous above 
with the antrum and the middle ear (Fig. 11.30). They are 
lined with mucous membrane. 

Faeial Nerve 

The entire course of the faeial nerve is deseribed on page 
612. On reaehing the bottom of the internal aeonstie 
meatus (see page 612), the faeial nerve enters the faeial 
eanal (Fig. 11.28). The nerve runs laterally above the 
vestibnle of the internal ear until it reaehes the medial 
wall of the middle ear. Here, the nerve expands to form 
the sensory geniculate ganglion (Figs. 11.29 and 11.30). 
The nerve then bends sharply backward above the 
promontory. 
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On arriving at the posterior wall of the middle ear, it 
enrves downward on the medial side of the aditns of the 
mastoid antrnm (Fig. 11.30). It deseends in the posterior 
wall of the middle ear, behind the pyramid, and finally 
emerges throngh the stylomastoid foramen into the neek. 

Important Branehes of the lntrapetrous Part of the 
Faeial Nerve 

■ The greater petrosal nerve arises from the faeial nerve 
at the genienlate ganglion (Fig. 11.30). It eontains 
preganglionie parasympathetie fibers that pass to the 
pterygopalatine ganglion and are there relayed throngh 
the zygomatie and laerimal nerves to the laerimal gland; 
other postganglionie fibers pass throngh the nasal and 
palatine nerves to the glands of the mneons membrane 
of the nose and palate. It also eontains many taste fibers 
from the mneons membrane of the palate. 

The nerve emerges on the snperior snrfaee of the petrons 
part of the temporal bone and is eventnally joined by the 
deep petrosal nerve from the sympathetie plexus on the 
internal earotid artery and forms the nerve of the ptery- 
goid eanal. This passes forward and enters the ptery- 
gopalatine fossa, where it ends in the pterygopalatine 
ganglion. 

■ The nerve to the stapedins arises from the faeial nerve 
as it deseends in the faeial eanal behind the pyramid 
(Fig. 11.30). It supplies the muscle within the pyramid. 

■ The ehorda tympani arises from the faeial nerve just 
above the stylomastoid foramen (Fig. 11.29). It enters 
the middle ear elose to the posterior border of the 
tympanie membrane. It then runs forward over the 
tympanie membrane and erosses the root of the han- 
dle of the mallens (Fig. 11.29). It lies in the interval 
between the mucous membrane and the fibrons layers 
of the tympanie membrane. The nerve leaves the mid- 
dle ear throngh the petrotympanie fissnre and enters the 
infratemporal fossa, where it joins the lingnal nerve (see 
page 613). 

The ehorda tympani eontains 

Taste fibers from the mucous membrane eovering the 
anterior two thirds of the tongue (not the vallate papil- 
lae) and the fioor of the mouth. The taste fibers are 
the peripheral proeesses of the eells in the genienlate 
ganglion. 

Preganglionie parasympathetie seeretomotor fibers that 
reaeh the submandibular ganglion and are there relayed 
to the submandibular and sublingual salivary glands 

Tympanie Nerve 

The tympanie nerve arises from the glossopharyngeal 
nerve, just below the jugular foramen (see page 614). It 
passes throngh the fioor of the middle ear and onto the 
promontory (Fig. 11.30). Here it splits into branehes, 
which form the tympanie plexus. The tympanie plexus 
supplies the lining of the middle ear and gives off the 
lesser petrosal nerve, which sends seeretomotor fibers to 
the parotid gland via the otie ganglion (see page 631). It 
leaves the skull through the foramen ovale and joins the 
otie ganglion. 




e L I N I e A L N 0 T E S 


infeetíons and Otitís Media 

Pathogenie organisms ean gain entranee to the middle ear by 
aseending throogh the aoditory tube from the nasal partof the 
pharynx. Acute infeetion of the middle ear (otitis media) pro- 
duces bulging and redness of the tympanie membrane. 

Complications of Otitis Media 

lnadequate treatment of otitis media ean result in the spread 
of the infeetion into the mastoid antrum and the mastoid air 
eells (aente mastoiditis). Acute mastoiditis may be follovved 
by the further spread of the organisms beyond the eonfines 
of the middle ear. The meninges and the temporal lobe of the 
brain lie superiorly. A spread of the infeetion in this direetion 
could produce a meningitis and a eerebral abseess in the tem- 
poral lobe. Beyond the medial vvall of the middle ear lie the 
faeial nerve and the internal ear. A spread of the infeetion in 
this direetion ean cause a faeial nerve palsy and labyrinthi- 
tis vvith vertigo. The posterior vvall of the mastoid antrum is 
related to the sigmoid venous sinus. If the infeetion spreads 
in this direetion, a thrombosis in the sigmoid sinus may vvell 
take plaee. These various eomplieations emphasize the impor- 
tanee of knovving the anatomy of this region. 

V___ J 

The Internal Ear, or Labyrinth 

The labyrinth is situated in the petrons part of the temporal 
bone, medial to the middle ear (Fig. 11.28). It eonsists of 
the bony labyrinth, eomprising a series of eavities within 
the bone, and the membranons labyrinth, eomprising a 
series of membranons saes and ducts eontained within the 
bony labyrinth. 

Bony Labyrinth 

The bony labyrinth eonsists of three parts: the vestibnle, 
the semieirenlar eanals, and the eoehlea (Fig. 11.30). These 
are eavities sitnated in the snbstanee of dense bone. They 
are lined by endostenm and eontain a elear fiuid, the peri- 
lymph, in which is snspended the membranons labyrinth. 

The vestibule, the eentral part of the bony labyrinth, lies 
posterior to the eoehlea and anterior to the semieirenlar 
eanals. In its lateral wall are the fenestra vestibuli, which is 
elosed by the base of the stapes and its anular ligament, and 
the fenestra eoehleae, which is elosed by the seeondary tym- 
panie membrane. Lodged within the vestibnle are the sae- 
cule and utricle of the membranons labyrinth (Fig. 11.30). 

The three semicircular eanals—snperior, posterior, 
and lateral —open into the posterior part of the vestibnle. 
Eaeh eanal has a swelling at one end ealled the ampnlla. 
The eanals open into the vestibnle by five orifiees, one of 
which is eommon to two of the eanals. Lodged within the 
eanals are the semieirenlar ducts (Fig. 11.30). 

The snperior semieirenlar eanal is vertieal and plaeed at 
right angles to the long axis of the petrons bone. The poste- 
rior eanal is also vertieal but is plaeed parallel with the long 
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axis of the petrous bone. The lateral eanal is set in a hori- 
zontal position, and it lies in the medial wall of the aditus to 
the mastoid antrum, above the faeial nerve eanal. 

The eoehlea resembles a snail shell. It opens into the 
anterior part of the vestibnle (Fig. 11.30). Basieally, it eon- 
sists of a eentral pillar, the modiolus, around which a hol- 
low bony tube makes two and one half spiral turns. Eaeh 
sneeessive turn is of deereasing radius so that the whole 
structure is eonieal. The apex faees anterolaterally and the 
base faees posteromedially. The first basal turn of the eoeh- 
lea is responsible for the promontory seen on the medial 
wall of the middle ear. 

The modiolns has a broad base, which is sitnated at 
the bottom of the internal aeonstie meatus. It is perfo- 
rated by branehes of the eoehlear nerve. A spiral ledge, 
the spiral lamina, winds around the modiolns and pro- 
jeets into the interior of the eanal and partially divides 
it. The basilar membrane stretehes from the free edge of 
the spiral lamina to the outer bony wall, thus dividing 
the eoehlear eanal into the seala vestibuli above and the 
seala tympani below. The perilymph within the seala ves- 
tibuli is separated from the middle ear by the base of the 
stapes and the anular ligament at the fenestra vestibnli. 
The perilymph in the seala tympani is separated from the 
middle ear by the seeondary tympanie membrane at the 
fenestra eoehleae. 

Membranous Labyrinth 

The membranons labyrinth is lodged within the bony 
labyrinth (Fig. 11.30). It is filled with endolymph and sur- 
rounded by perilymph. It eonsists of the ntriele and saeenle, 
which are lodged in the bony vestibnle; the three semieiren- 
lar ducts, which lie within the bony semieirenlar eanals; and 
the duct of the eoehlea, which lies within the bony eoehlea. 
All these structures freely communicate with one another. 

The utricle is the larger of the two vestibnlar saes. It is 
indireetly eonneeted to the saeenle and the ductus endo- 
lymphatiens by the ductus utriculosaccularis. 

The saccule is globnlar and is eonneeted to the ntriele, 
as deseribed previonsly. The ductus endolymphaticus, after 
being joined by the ductus utriculosaccularis, passes on to 
end in a small blind pouch, the saccus endolymphaticus 
(Fig. 11.30). This lies beneath the dura on the posterior sur- 
faee of the petrous part of the temporal bone. 

Loeated on the walls of the ntriele and saeenle are spe- 
eialized sensory reeeptors, which are sensitive to the orien- 
tation of the head to gravity or other aeeeleration forees. 

The semicircular ducts, althongh much smaller in 
diameter than the semieirenlar eanals, have the same eon- 
fignration. They are arranged at right angles to eaeh other 
so that all three planes are represented. VVhenever the head 
begins or eeases to move, or whenever a movement of 
the head aeeelerates or deeelerates, the endolymph in the 
semieirenlar ducts ehanges its speed of movement relative 
to that of the walls of the semieirenlar ducts. This ehange 
is deteeted in the sensory reeeptors in the ampnllae of the 
semieirenlar ducts. 

The duct of the eoehlea is triangular in eross seetion 
and is eonneeted to the saeenle by the ductus reuniens. 
The highly speeialized epithelinm that lies on the basilar 
membrane forms the spiral organ of Gorti and eontains 


the sensory reeeptors for hearing. For a detailed deseription 
of the spiral organ, a textbook of histology should be 
consulted. 

Vestibulocochlear Nerve 

On reaehing the bottom of the internal aeonstie meatus 
(see page 613), the nerve divides into vestibnlar and eoeh- 
lear portions (Fig. 11.28). 

The vestibnlar nerve is expanded to form the vestibnlar 
ganglion. The branehes of the nerve then pieree the lateral 
end of the internal aeonstie meatus and gain entranee to 
the membranons labyrinth, where they supply the utricle, 
the saccule, and the ampnllae of the semieirenlar ducts. 

The eoeblear nerve divides into branehes, which enter 
foramina at the base of the modiolns. The sensory gan- 
glion of this nerve takes the form of an elongated spiral 
ganglion that is lodged in a eanal winding around the 
modiolns in the base of the spiral lamina. The peripheral 
branehes of this nerve pass from the ganglion to the spiral 
organ of Gorti. 

The Mandible 

The mandible or lower jaw is the largest and strongest bone 
of the faee, and it artienlates with the skull at the temporo- 
mandibular joint. 

The mandible eonsists of a horseshoe-shaped body and 
a pair of rami. The body of the mandible meets the ramus 
on eaeh side at the angle of tbe mandible (Fig. 11.32). 

The body of tbe mandible, on its external snrfaee in the 
midline, has a faint ridge indieating the line of fnsion of the 
two halves during development at the sympbysis menti. 
The mental foramen ean be seen below the seeond premo- 
lar tooth; it transmits the terminal branehes of the inferior 
alveolar nerve and vessels. 

On the medial snrfaee of the body of the mandible in 
the median plane are seen the mental spines; these give ori- 
gin to the genioglossns mnseles above and the geniohyoid 
mnseles below (Fig. 11.31). The mylobyoid line ean be seen 
as an oblique ridge that runs backward and laterally from 
the area of the mental spines to an area below and behind 
the third molar tooth. The submandibular fossa, for the 
snperfieial part of the submandibular salivary gland, lies 
below the posterior part of the mylohyoid line. The sublin- 
gual fossa, for the sublingual gland, lies above the anterior 
part of the mylohyoid line (Fig. 11.32). 

The upper border of the body of the mandible is ealled 
the alveolar part; in the adult, it eontains 16 soekets for the 
roots of the teeth. 

The lower border of the body of the mandible is ealled 
the base. The digastrie fossa is a small, ronghened depres- 
sion on the base, on either side of the symphysis menti 
(Fig. 11.32). It is in these fossae that the anterior bellies of 
the digastrie mnseles are attaehed. 

The ramus of tbe mandible is vertieally plaeed and has 
an anterior eoronoid proeess and a posterior eondyloid 
proeess, or bead; the two proeesses are separated by the 
mandibnlar noteb (Fig. 11.32). 

On the lateral snrfaee of the ramus are markings for the 
attaehment of the masseter muscle. On the medial snrfaee is 
the mandibnlar foramen for the inferior alveolar nerve and 
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FIGURE 11.32 A. Mandible. B. Hyoid bone. 


vessels. In front of the foramen is a projeetion of bone, caUed 
the lingiila, for the attaehment of the sphenomandibiilar 
ligament (Figs. 11.32 and 11.33). The foramen leads into the 
mandibnlar eanal, which opens on the lateral snrfaee of the 
body of the mandible at the mental foramen (see above). The 
ineisive eanal is a eontinnation forward of the mandibnlar 
eanal beyond the mental foramen and below the ineisor teeth. 

The eoronoid proeess reeeives on its medial snrfaee the 
attaehment of the temporalis mnsele. Below the eondyloid 
proeess, or head, is a short neek (Fig. 11.32). 

The important mnseles and ligaments attaehed to the 
mandible are shown in Fignre 11.32. 



e L 


N I e A L 


N 0 T E S 



Fractures of the Mandìble 

The mandible is horseshoe shaped and forms part of a bony 
ring with the two temporomandibular joints and the base of 
the skull. Traumatic impaet is transmitted around the ring, 
causing a single fracture or multiple fractures of the mandible, 
often far removed from the point of impaet. 
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FIGURE 11.33 Temporomandibular joint as seen from the 
lateral (A) and medial (B) aspeets. 


Temporomandibular Joint 

Airticulation 

Articulation occurs between the artienlar tnberele and the 
anterior portion of the mandibnlar fossa of the temporal 
bone above and the head (eondyloid proeess) of the man- 
dible below (Figs. 11.33 and 11.34). The artienlar snrfaees 
are eovered with fibroeartilage. 

Type of Joint 

The temporomandibnlar joint is synovial. The artienlar dise 
divides the joint into upper and lower eavities (Fig. 11.35). 

Capsule 

The eapsnle surrounds the joint and is attaehed above to 
the artienlar tnberele and the margins of the mandibnlar 
fossa and below to the neek of the mandible. 

Ligaments 

The lateral temporomandibular ligament strengthens the 
lateral aspeet of the eapsnle, and its fibers run downward and 
backward from the tnberele on the root of the zygoma to the 
lateral snrfaee of the neek of the mandible (Fig. 11.33). This 
ligament limits the movement of the mandible in a posterior 
direetion and thus proteets the external anditory meatus. 

The sphenomandibular ligament lies on the medial 
side of the joint (Fig. 11.33). It is a thin band that is 
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FIGURE 11.34 A disseetion of the left temporomandibular joint. The capsule and lateral temporomandibular ligament have been 
removed to reveal the interior of the joint. Note the articular tubercle and mandibular fossa of the temporal bone and the head 
of the mandible.The articular dise is present vvithin the joint eavity on the upper surface of the head of the mandible. 
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FIGURE 11.35 Temporomandibular joint with mouth elosed (A) and with the mouth open (B). Note the position of the head of 
the mandible and articular dise in relation to the articular tubercle in eaeh ease. G.The attaehment of the muscles of mastiea- 
tion to the mandible. The arrovvs indieate the direetion of their aetions. 


attaehed above to the spine of the sphenoid bone and below 
to the lingnla of the mandibnlar foramen. It represents the 
remains of the first pharyngeal areh in this region. 

The stylomandibular ligament lies behind and medial 
to the joint and some distanee from it. It is merely a band 
of thiekened deep eervieal faseia that extends from the 
apex of the styloid proeess to the angle of the mandible 
(Fig. 11.33). 

The articular dise divides the joint into npper and 
lower eavities (Fig. 11.35). It is an oval plate of fibroearti- 
lage that is attaehed eirenmferentially to the eapsnle. It is 
also attaehed in front to the tendon of the lateral pterygoid 
mnsele and by fibrons bands to the head of the mandi- 
ble. These bands ensnre that the dise moves forward and 
backward with the head of the mandible dnring protrae- 
tion and retraetion of the mandible. The npper snrfaee of 
the dise is concavoconvex from before backward to fit the 
shape of the artienlar tnberele and the mandibnlar fossa; 
the lower snrfaee is eoneave to fit the head of the mandible. 

Synovial Membrane 

This lines the eapsnle in the npper and lower eavities of the 
joint (Fig. 11.35). 

Nerve Supply 

Anrienlotemporal and masseterie branehes of the man- 
dibnlar nerve 

Movements 

The mandible ean be depressed or elevated, protrnded or 
retraeted. Rotation ean also oeenr, as in chewing. In the 


position of rest, the teeth of the npper and lower jaws are 
slightly apart. On elosnre of the jaws, the teeth eome into 
eontaet. 

Depression of the Mandible 

As the month is opened, the head of the mandible rotates 
on the nndersnrfaee of the artienlar dise aronnd a horizon- 
tal axis. To prevent the angle of the jaw impinging nnnee- 
essarily on the parotid gland and the sternoeleidomastoid 
mnsele, the mandible is pnlled forward. This is aeeom- 
plished by the eontraetion of the lateral pterygoid mnsele, 
which pnlls forward the neek of the mandible and the artie- 
ular dise so that the latter moves onto the articular tubercle 
(Fig. 11.35). The forward movement of the dise is limited 
by the tension of the fibroelastie tissue, which tethers the 
dise to the temporal bone posteriorly. 

Depression of the mandible is bronght about by eontrae- 
tion of the digastries, the geniohyoids, and the mylohyoids; 
the lateral pterygoids play an important role by pnlling the 
mandible forward. 

Elevation of the Mandible 

The movements in depression of the mandible are reversed. 
First, the head of the mandible and the dise move backward, 
and then the head rotates on the lower snrfaee of the dise. 

Elevation of the mandible is bronght about by eontrae- 
tion of the temporalis, the masseter, and the medial ptery- 
goids. The head of the mandible is pulled backward by 
the posterior fibers of the temporalis. The articular dise is 
pulled backward by the fibroelastie tissue, which tethers the 
dise to the temporal bone posteriorly. 
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Protrusion of the Mandible 

The articular dise is pulled forward onto the anterior tnberele, 
earrying the head of the mandible with it. All movement thus 
takes plaee in the upper eavity of the joint. In protrnsion, the 
lower teeth are drawn forward over the upper teeth, which is 
brought about by eontraetion of the lateral pterygoid mus- 
eles of both sides, assisted by both medial pterygoids. 

Retraetion of the Mandible 

The articular dise and the head of the mandible are pulled 
backward into the mandibnlar fossa. Retraetion is bronght 
about by eontraetion of the posterior fibers of the temporalis. 


Lateral Chewing Movennents 

These are aeeomplished by alternately protrnding and 
retraeting the mandible on eaeh side. For this to take 
plaee, a eertain amount of rotation occurs, and the mus- 
eles responsible on both sides work alternately and not 
in unison. 

The mnseles of mastieation are snmmarized in 
Table 11.4. See also Figure 11.35. 

Important Relations of the Temporomandibnlar Joint 

■ Anteriorly: The mandibular noteh and the masseterie 
nerve and artery (Fig. 11.36) 


TABLE 1 

tWiiM Muscles of the Head 





Muscle 

Origin 

Insertion 

Nerve 

Supply 

Aetion 



Muscle of Sealp 


Oeeipitofrontalis 

Oeeipital belly Highest nuchal line of Epieranial aponeurosis Faeial nerve Moves sealp on skull and raises 

oeeipital bone eyebrovvs 

Frontal belly Skin and superficial faseia 

of eyebrovvs 

Muscles of Faeial Expression 

Orbicularis oculi 


Palpebral part 

Medial palpebral ligament 

Lateral palpebral raphe 

Faeial nerve 

eioses eyelids and dilates laerimal 
sae 

Orbital part 

Medial palpebral ligament 
and adjoining bone 

Loops return to origin 

Faeial nerve 

Throvvs skin around orbit into folds 
to proteet eyeball 

Corrugator supercilii 

Superciliary areh 

Skin of eyebrovv 

Faeial nerve 

Vertieal vvrinkles of forehead, as in 
frovvning 

Gompressor nasi 

Frontal proeess of maxilla 

Aponeurosis of bridge 
of nose 

Faeial 

nerve 

Gompresses mobile nasal 
eartilages 

Dilator naris 

Maxilla 

Ala of nose 

Faeial nerve 

VVidens nasal aperture 

Procerus 

Nasal bone 

Skin betvveen eyebrovvs 

Faeial nerve 

VVrinkles skin of nose 

Orbicularis oris 

Dilator Mnseles of Lips 

Levator labii superioris 
alaeque nasi 

Levator labii superioris 
Zygomaticus minor 

Maxilla, mandible, and skin 

Eneireles oral orifiee 

Faeial nerve 

Gompresses lips together 

Zygomaticus major 
Levator anguli oris 
Risorius 

Depressor anguli oris 
Depressor labii inferioris 
Mentalis 

Arise from bones and fas- 
eia around oral aperture 
and insert into substance 
of lips 


Faeial nerve 

Separate lips 

Buccinator 

Platysma 

Outer surface of alveolar 
margins of maxilla and 
mandible and ptery- 
gomandibular ligament 
See Table 11.5 


Faeial nerve 

Gompresses eheeks and lips 
against teeth 


(eontinaedj 
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TABLE 1 1.4 J 

Muscles of the Head (continued) 



Muscle 

Origin 

Insertion 

Nerve 

Supply 

Aetion 

Muscles of Mastieation 





Masseter 

Zygomatie areh 

Lateral surface 
ramus of mandible 

Mandibular 
division of 
trigeminal 
nerve 

Elevates mandible to occlude teeth 

Temporalis 

Floor of temporal fossa 

Goronoid proeess of 
mandible 

Mandibular 
division of 
trigeminal 
nerve 

Anterior and superior fibers 
elevate mandible; posterior 
fibers retraet mandible 

Lateral pterygoid (two 
heads) 

Greater wing of sphenoid 
and lateral pterygoid 
plate 

Neek of mandible and 
articular dise 

Mandibular 
division of 
trigeminal 
nerve 

Pulls neek of mandible forward 

Medial pterygoid (two 
heads) 

Tuberosity of maxilla and 
lateral pterygoid plate 

Medial surface of angle 
of mandible 

Mandibular 
division of 
trigeminal 
nerve 

Elevates mandible 


■ Posteriorly: The tympanie plate of the external audi- 
tory meatus (Fig. 11.33) and the glenoid proeess of the 
parotid gland 

■ Laterally: The parotid gland, faseia, and skin (see Fig. 11.8 5) 

■ Medially: The maxillary artery and vein and the auricu- 
lotemporal nerve 




e L I N I e A L N 0 T E S 


eiìnieal Sígnífieanee of theTemporomandibnlar 
Joint 

The temporomandibular joint lies immediately in front of the 
external auditory meatus. The great strength of the lateral 
temporomandibular ligament prevents the head of the mandi- 
ble from passing baekvvard and fracturing the tympanie plate 
when a severe blow falls on the ehin. 

The artienlar dise of the temporomandibular joint may 
beeome partially detaehed from the capsule, and this results 
in its movement beeoming noisy and producing an audible 
eliek during movements atthe joint. 

Disloeation of the Temporomandibnlar Joint 

Disloeation sometimes occurs when the mandible is 
depressed. In this movement, the head of the mandible and 
the articular dise both move forward until they reaeh the sum- 
mit of the articular tubercle. In this position, the joint is unsta- 
ble, and a minor blow on the ehin or a sudden eontraetion of 
the lateral pterygoid muscles, as in yawning, may be sufficient 

(continued) 


to pull the dise forward beyond the summit. In bilateral eases, 
the mouth is fixed in an open position, and both heads of the 
mandible lie in frontofthe articulartubercles. Reduction ofthe 
disloeation is easily aehieved by pressing the gloved thumbs 
downward on the lower molarteeth and pushing the jaw baek- 
ward. The downward pressure overeomes the tension of the 
temporalis and masseter muscles, and the backward pressure 
overeomesthe spasm ofthe lateral pterygoid muscles. 

V___ J 

The Sealp 

Structure 

The sealp eonsists of five layers, the first three of which are 

intimately bonnd together and move as a unit (Fig. 11.37). 

To assist one in memorizing the names of the five layers of 

the sealp, use eaeh letter of the word SGALP to denote the 

layer of the sealp. 

■ Skin, which is thiek and hair bearing and eontains 
numerous sebaceous glands 

■ Gonneetive tissue beneath the skin, which is fibrofatty, 
the fibrons septa nniting the skin to the nnderlying 
aponenrosis of the oeeipitofrontalis muscle (Fig. 11.37). 
Numerous arteries and veins are found in this layer. The 
arteries are branehes of the external and internal earotid 
arteries, and a free anastomosis takes plaee between them. 

■ Aponenrosis (epieranial), which is a thin, tendinons 
sheet that unites the oeeipital and frontal bellies of the 
oeeipitofrontalis muscle (Figs. 11.37 and 11.38). The 
lateral margins of the aponenrosis are attaehed to 
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FIGURE 11.36 Infratemporal and submandibular regions. Parts of the zygomatie areh, the ramus, and the body of the 
mandible have been removed to display deeper structures. 


the temporal faseia. The subaponeurotic spaee is the 
potential spaee beneath the epieranial aponenrosis. It is 
limited in front and behind by the origins of the oeeip- 
itofrontalis muscle, and it extends laterally as far as the 
attaehment of the aponenrosis to the temporal faseia. 

■ Loose areolar tissue, which occupies the subaponeurotic 
spaee (Fig. 11.37) and loosely eonneets the epieranial 
aponenrosis to the periostenm of the skull (the periera- 
nium). The areolar tissue eontains a few small arteries, 
but it also eontains some important emissary veins. The 
emissary veins are valveless and eonneet the snperfieial 
veins of the sealp with the diploie veins of the skull bones 
and with the intraeranial venous sinuses (Fig. 11.37). 


■ Pericranium, which is the periosteum eovering the outer 
surface of the skull bones. It is important to remember 
that at the sutures between individnal skull bones, the 
periostenm on the outer surface of the bones beeomes 
continuous with the periosteum on the inner snrfaee of 
the sknllbones (Fig. 11.37). 

Muscles of the Sealp 

Oeeìpìtofrontalis 

The origin, insertion, nerve supply, and aetion of this 

muscle are deseribed in Table 11.4. 
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FIGURE 11.37 A. Goronal seetion of the upper part of the head shovving the layers of the sealp, the sagittal suture of the skull, 
the falx eerebri, the superior and inferior sagittal venous sinuses, the araehnoid granulations, the emissary veins, and the 
relation of eerebral blood vessels to the subarachnoid spaee. B. Sensory nerve supply and arterial supply to the sealp. 
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FIGURE 11.38 Muscles of faeial expression. 


Note that when this mnsele eontraets, the fìrst three lay- 
ers of the sealp move forward or backward, the loose areolar 
tissne of the fonrth layer of the sealp allowing the aponen- 
rosis to move on the perieraninm. The frontal bellies of the 
oeeipitofrontalis ean raise the eyebrows in expressions of 
snrprise or horror. 

Sensory Nerve Snpply of the Sealp 

The main trnnks of the sensory nerves lie in the snperfieial 
faseia. Moving laterally from the midline anteriorly, the fol- 
lowing nerves are present: 

The supratrochlear nerve, a braneh of the ophthalmie 
division of the trigeminal nerve, winds aronnd the supe- 
rior orbital margin and supplies the sealp (Fig. 11.37). It 
passes backward elose to the median plane and reaehes 
nearly as far as the vertex of the skull. 

The supraorbital nerve, a braneh of the ophthalmie divi- 
sion of the trigeminal nerve, winds around the supe- 
rior orbital margin and aseends over the forehead (Fig. 
11.37). It snpplies the sealp as far backward as the vertex. 
The zygomatieotemporal nerve, a braneh of the maxillary 
division of the trigeminal nerve, snpplies the sealp over 
the temple (Fig. 11.37). 


The auriculotemporal nerve, a braneh of the mandibnlar 
division of the trigeminal nerve, aseends over the side 
of the head from in front of the anriele (Fig. 11.37). Its 
terminal branehes supply the skin over the temporal 
region. 

The lesser oeeipital nerve, a braneh of the eervieal plexus 
(C2), supplies the sealp over the lateral part of the oeeip- 
ital region (Fig. 11.37) and the skin over the medial sur- 
faee of the auricle. 

The greater oeeipital nerve, a braneh of the posterior 
ramus of the 2nd eervieal nerve, aseends over the baek 
of the sealp and snpplies the skin as far forward as the 
vertex of the skull (Fig. 11.37). 

Arterial Supply of the Sealp 

The sealp has a rieh supply of blood to nourish the hair fol- 

lieles, and, for this reason, the smallest cut bleeds profiisely. 

The arteries lie in the snperfieial faseia. Moving laterally from 

the midline anteriorly, the following arteries are present: 

The snpratroehlear and the snpraorbital arteries, branehes 
of the ophthalmie artery, aseend over the forehead in 
eompany with the snpratroehlear and snpraorbital 
nerves (Fig. 11.37). 
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The superficial temporal artery, the smaller terminal 
braneh of the external earotid artery, aseends in front 
of the anriele in eompany with the anrienlotemporal 
nerve (Fig. 11.37). It divides into anterior and posterior 
branehes, which snpply the skin over the frontal and 
temporal regions. 

The posterior auricular artery, a braneh of the external 
earotid artery, aseends behind the anriele to snpply the 
sealp above and behind the anriele (Fig. 11.37). 

The oeeipital artery, a braneh of the external earotid artery, 
aseends from the apex of the posterior triangle, in eom- 
pany with the greater oeeipital nerve (Fig. 11.37). It sup- 
plies the skin over the baek of the sealp and reaehes as 
high as the vertex of the skull. 

Venous Drainage of the Sealp 

The supratrochlear and supraorbital veins unite at the 
medial margin of the orbit to form the faeial vein. 

The superficial temporal vein unites with the maxillary 
vein in the snbstanee of the parotid gland to form the ret- 
romandibnlar vein (Fig. 11.39). 


The posterior auricular vein unites with the posterior 
division of the retromandibnlar vein, just below the parotid 
gland, to form the external jugular vein (Fig. 11.39). 

The oeeipital vein drains into the snboeeipital venous 
plexus, which lies beneath the floor of the upper part of the 
posterior triangle; the plexus in turn drains into the verte- 
bral veins or the internal jugular vein. 

The veins of the sealp freely anastomose with one 
another and are eonneeted to the diploie veins of the skull 
bones and the intraeranial venous sinuses by the valveless 
emissary veins (Fig. 11.37). 

Lymph Drainage of the Sealp 

Lymph vessels in the anterior part of the sealp and 
forehead drain into the submandibular lymph nodes 
(Fig. 11.40). Drainage from the lateral part of the sealp 
above the ear is into the snperfleial parotid (preauricular) 
nodes; lymph vessels in the part of the sealp above and 
behind the ear drain into the mastoid nodes. Vessels in the 
baek of the sealp drain into the oeeipital nodes. 



eiìnìeal Sìgnìfieanee of the Sealp Strnetnre 

It is important to realize that the skin, the subcutaneous tissue, 
and the epieranial aponeurosis are elosely united to one another 
and are separated from the periosteum by loose areolartissue. 
The skin of the sealp possesses numerous sebaceous glands, 
the ducts of vvhieh are prone to infeetion and damage by eombs. 
For this reason, sebaeeons eysts of the sealp are eommon. 

Laeeratíons of the Sealp 

The sealp has a profnse blood snpply to nourish the hair follieles. 
Even a small laeeration of the sealp ean cause severe blood loss. 
It is often difficultto stop the bleeding of a sealp vvound because 
the arterial vvalls are attaehed to fibrous septa in the subcutane- 
ous tissue and are unable to eontraet or retraet to allovv blood 
elotting to take plaee. Loeal pressure applied to the sealp is the 
only satisfaetory method of stopping the bleeding (see belovv). 

In automobile aeeidents, it is eommon for large areas of the 
sealp to be cut off the head as a person is projeeted forvvard 
through the vvindshield. Because of the profuse blood supply, 
it is often possible to replaee large areas of sealp that are only 
hanging to the skull by a narrovv pediele. Suture them in plaee, 
and neerosis vvill notoccur. 

The tension of the epieranial aponenrosis, produced by the 
tone of the oeeipitofrontalis muscles, is important in all deep 
vvounds of the sealp. If the aponeurosis has been divided, the 
vvound vvill gape open. For satisfaetory healing to take plaee, the 
opening in the aponeurosis must be elosed vvith sutures. 

Often, a vvound caused by a blunt objeet such as a base- 
ball bat elosely resembles an ineised vvound. This is because 


the sealp is split against the unyielding skull, and the pull of the 
oeeipitofrontalis muscles causes a gaping vvound. This anatomie 
faet may be of eonsiderable forensie importanee. 

Lìfe-Threatening Sealp Hemorrhage 

Anatomieally, it is useful to remember in an emergeney that all 
the superficial arteries supplying the sealp aseend from the faee 
and the neek. Thus, in an emergeney situation, eneirele the head 
just above the ears and eyebrovvs vvith a tie, shoelaees, or even 
a pieee of string and tie ittight. Then, insert a pen, peneil, or stiek 
into the loop and rotate it so that the tourniquet exerts pressure 
on the arteries. 

Sealp infeetions 

infeetions of the sealp tend to remain loealized and are usually 
painful because of the abundantfibrous tissue in the subcutane- 
ous layer. 

Oeeasionally, an infeetion of the sealp spreads by the emis- 
sary veins, vvhieh are valveless, to the skull bones, causing 
osteomyelitis. infeeted blood in the diploie veins may travel by 
the emissary veins farther into the venous sinuses and produce 
venous sinus thrombosis. 

Blood or pus may eolleet in the potential spaee beneath 
the epieranial aponeurosis. It tends to spread over the 
skull, being limited in front by the orbital margin, behind by 
the nuchal lines, and laterally by the temporal lines. On the 
other hand, subperiosteal blood or pus is limited to one bone 
because of the attaehment of the periosteum to the sutural 
ligaments. 
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FIGURE 11.39 Main veins of the head and neek. 


The Faee 

Skin of the F aee 

The skin of the faee possesses nnmerons sweat and seba- 
eeons glands. It is eonneeted to the nnderlying bones by 
loose eonneetive tissne, in which are embedded the mnseles 
of faeial expression. No deep faseia is present in the faee. 

Wrinkle lines of the faee resnlt from the repeated folding 
of the skin perpendienlar to the long axis of the nnderlying 
eontraeting mnseles, eonpled with the loss of yonthfnl skin 
elastieity. Snrgieal sears of the faee are less eonspienons if 
they follow the wrinkle lines. 



Sensory Nerves of the Faee 

The skin of the faee is snpplied by branehes of the three 
divisions of the trigeminal nerve, except for the small 
area over the angle of the mandible and the parotid gland 
(Fig. 11.41), which is snpplied by the great anrienlar nerve 
(C2 and 3). The overlap of the three divisions of the trigem- 
inal nerve is slight eompared with the eonsiderable overlap 
of dermatomes of the trnnk and limbs. The ophthalmie 
nerve snpplies the region developed from the frontonasal 
proeess; the maxillary nerve serves the region developed 
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FIGURE 11.41 A. Sensory nerve supply to the skin of the faee. B. Branehes of the 7th eranial nerve to myseles of faeial 
expression. C. Arterial supply of the faee. D.Venous drainage of the faee. 
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from the maxillary proeess of the fìrst pharyngeal areh; and 
the mandibnlar nerve serves the region developed from the 
mandibnlar proeess of the fìrst pharyngeal areh. 

These nerves not only snpply the skin of the faee, but 
also supply proprioeeptive fibers to the underlying mnseles 
of faeial expression. They are, in addition, the sensory nerve 
supply to the mouth, teeth, nasal eavities, and paranasal air 
sinnses. 

Ophthalmie Nerve 

The ophthalmie nerve snpplies the skin of the forehead, 
the upper eyelid, the conjunctiva, and the side of the nose 
down to and inelnding the tip. Five branehes of the nerve 
pass to the skin. 

■ The laerimal nerve snpplies the skin and eonjnnetiva of 
the lateral part of the upper eyelid (Fig. 11.41). 

■ The snpraorbital nerve winds around the upper mar- 
gin of the orbit at the snpraorbital noteh (Fig. 11.41). 
It divides into branehes that supply the skin and eon- 
jnnetiva on the eentral part of the upper eyelid; it also 
supplies the skin of the forehead. 

■ The snpratroehlear nerve winds around the upper 
margin of the orbit medial to the snpraorbital nerve 
(Fig. 11.41). It divides into branehes that supply the skin 
and eonjnnetiva on the medial part of the upper eyelid 
and the skin over the lower part of the forehead, elose to 
the median plane. 

■ The infratroehlear nerve leaves the orbit below the pul- 
ley of the superior oblique muscle. It supplies the skin 
and eonjnnetiva on the medial part of the upper eyelid 
and the adjoining part of the side of the nose (Fig. 11.41). 

■ The external nasal nerve leaves the nose by emerging 
between the nasal bone and the upper nasal eartilage. It 
snpplies the skin on the side of the nose down as far as 
the tip (Fig. 11.41). 

Maxillary Nerve 

The maxillary nerve snpplies the skin on the posterior 
part of the side of the nose, the lower eyelid, the eheek, the 
upper lip, and the lateral side of the orbital opening. Three 
branehes of the nerve pass to the skin. 

■ The infraorbital nerve is a direet eontinnation of the 
maxillary nerve. It enters the orbit and appears on the 
faee throngh the infraorbital foramen. It immediately 
divides into numerous small branehes, which radiate 
out from the foramen and supply the skin of the lower 
eyelid and eheek, the side of the nose, and the upper lip 
(Fig. 11.41). 

■ The zygomatieofaeial nerve passes onto the faee 
throngh a small foramen on the lateral side of the zygo- 
matie bone. It snpplies the skin over the prominenee of 
the eheek (Fig. 11.41). 

■ The zygomatieotemporal nerve emerges in the tempo- 
ral fossa throngh a small foramen on the posterior sur- 
faee of the zygomatie bone. It snpplies the skin over the 
temple (Fig. 11.41). 

Mandibular Nerve 

The mandibnlar nerve snpplies the skin of the lower lip, the 
lower part of the faee, the temporal region, and part of the 


anriele. It then passes upward to the side of the sealp. Three 
branehes of the nerve pass to the skin. 

■ The mental nerve emerges from the mental foramen of 
the mandible and snpplies the skin of the lower lip and 
ehin (Fig. 11.41). 

■ The bneeal nerve emerges from beneath the anterior 
border of the masseter muscle and snpplies the skin over 
a small area of the eheek (Fig. 11.41). 

■ The anrienlotemporal nerve aseends from the upper 
border of the parotid gland between the snperfieial tem- 
poral vessels and the anriele. It snpplies the skin of the 
anriele, the external anditory meatus, the outer surface 
of the tympanie membrane, and the skin of the sealp 
above the anriele (Fig. 11.41). 


e L I N I e A L N 0 T E S 


V_; 

Sensory Innervatìon and Trìgemìnal Nenralgia 

The faeial skin reeeives its sensory nerve supply from the 
three divisions of the trigeminal nerve. Remember that a small 
area of skin over the angle of the jaw is supplied by the great 
auricular nerve (C2 and 3). Trigeminal nenralgia is a relatively 
eommon eondition in which the patient experiences excru- 
eiating pain in the distribution of the mandibular or maxillary 
division, with the ophthalmie division usually eseaping. A phy- 
sieian should be able to map out accurately on a patient's faee 
the distribution of eaeh of the divisions of the trigeminal nerve. 

V___ J 

Arterial Supply of the F aee 

The faee reeeives a rieh blood supply from two main ves- 
sels: the faeial and snperfieial temporal arteries, which are 
snpplemented by several small arteries that aeeompany the 
sensory nerves of the faee. 

The faeial artery arises from the external earotid artery 
(Figs. 11.55 and 11.59). Having arehed upward and over the 
submandibular salivary gland, it curves around the inferior 
margin of the body of the mandible at the anterior border 
of the masseter muscle. It is here that the pulse ean be eas- 
ily felt (Fig. 11.132). It runs upward in a tortuous course 
toward the angle of the mouth and is eovered by the platy- 
sma and the risorins mnseles. It then aseends deep to the 
zygomatiens mnseles and the levator labii snperioris mus- 
ele and runs along the side of the nose to the medial angle 
of the eye, where it anastomoses with the terminal branehes 
of the ophthalmie artery (Fig. 11.41). 

Branehes 

■ The submental artery arises from the faeial artery at the 
lower border of the body of the mandible. It snpplies the 
skin of the ehin and lower lip. 

■ The inferior labial artery arises near the angle of the 
mouth. It runs medially in the lower lip and anastomo- 
ses with its fellow of the opposite side. 

■ The snperior labial artery arises near the angle of 
the mouth. It runs medially in the upper lip and gives 
branehes to the septum and ala of the nose. 
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■ The lateral nasal artery arises from the faeial artery 
alongside the nose. It snpplies the skin on the side and 
dorsnm of the nose. 

■ The snperfieial temporal artery (Fig. 11.41), the smaller 
terminal braneh of the external earotid artery, eom- 
menees in the parotid gland. It aseends in front of the 
anriele to snpply the sealp (see page 578). 

■ The transverse faeial artery, a braneh of the snperfieial 
temporal artery, arises within the parotid gland. It runs 
forward aeross the eheek just above the parotid duct 
(Fig. 11.41). 

■ The snpraorbital and snpratroehlear arteries, branehes 
of the ophthalmie artery, supply the skin of the forehead 
(Fig. 11.41). 



Blood Supply of the Faeìal Skìn 

The blood supply to the skin of the faee is profuse so that it is 
rare in plastie surgery for skin flaps to neerose in this region. 


Faeial Arteries and Taking the Patienfs Pulse 

The superficial temporal artery, as it erosses the zygomatie 
areh in front of the ear, and the faeial artery, as it vvinds around 
the lovver margin of the mandible level vvith the anterior border 
of the masseter, are eommonly used by the anesthetist to take 
the patient's pulse. 

k_ J 


Venous Drainage of the Faee 

The faeial vein is formed at the medial angle of the eye 
by the union of the snpraorbital and snpratroehlear veins 
(Fig. 11.41). It is eonneeted to the snperior ophthalmie vein 
direetly throngh the snpraorbital vein. By means of the 
snperior ophthalmie vein, the faeial vein is eonneeted to the 
eavernons sinus (Fig. 11.9); this eonneetion is of great elini- 
eal importanee beeanse it provides a pathway for the spread 
of infeetion from the faee to the eavernons sinus. The faeial 
vein deseends behind the faeial artery to the lower margin 
of the body of the mandible. It erosses snperfieial to the 
submandibular gland and is joined by the anterior division 
of the retromandibnlar vein. The faeial vein ends by drain- 
ing into the internal jugular vein. 

Tributaries 

The faeial vein reeeives tribntaries that eorrespond to the 
branehes of the faeial artery. It is joined to the pterygoid 
venous plexus by the deep faeial vein and to the eavernons 
sinus by the superior ophthalmie vein. 

The transverse faeial vein joins the snperfieial temporal 
vein within the parotid gland. 


Lymph Drainage of the Faee 



Faeial infeetions and Cavernous Sinus Thrombosis 

The area of faeial skin bounded by the nose, the eye, and the 
upper lip is a potentially dangerous zone to have an infeetion. 
For example, a boil in this region ean cause thrombosis of the 
faeial vein, with spread of organisms through the inferior oph- 
thalmie veins to the cavernous sinus. The resulting cavernous 
sinus thrombosis may be fatal unless adequately treated with 
antibioties. 

V_ J 


A few buccal lymph nodes may be present along the course 
of these lymph vessels. The lateral part of the faee, includ- 
ing the lateral parts of the eyelids, is drained by lymph ves- 
sels that end in the parotid lymph nodes. The eentral part 
of the lower lip and the skin of the ehin are drained into the 
snbmental lymph nodes. 

Bones of the Faee 

The bones that form the front of the skull are shown in 
Figure 11.42. The superior orbital margins and the area 
above them are formed by the frontal bone, which eon- 
tains the frontal air sinnses. The lateral orbital margin 
is formed by the zygomatie bone and the inferior orbital 
margin is formed by the zygomatie bone and the maxilla. 
The medial orbital margin is formed above the maxillary 
proeess of the frontal bone and below by the frontal proeess 
of the maxilla. 
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The root of the nose is formed by the nasal bones, 
which artienlate below with the maxilla and above with the 
frontal bones. Anteriorly, the nose is eompleted by npper 
and lower plates of hyaline eartilage and small eartilages of 
the ala nasi. 

The important eentral bone of the middle third of the 
faee is the maxilla, eontaining its teeth and the maxillary 
air sinns. The bone of the lower third of the faee is the 
mandible, with its teeth. A more detailed aeeonnt of the 
bones of the faee is given in the disenssion of the sknll (see 
page 530). 

Muscles of the Faee (Muscles of Faeial 
Expression) 

The mnseles of the faee are embedded in the snperfieial 
faseia, and most arise from the bones of the sknll and are 
inserted into the skin (Fig. 11.38). The orifiees of the faee, 
namely, the orbit, nose, and month, are gnarded by the 
eyelids, nostrils, and lips, respeetively. It is the fimetion of 
the faeial mnseles to serve as sphineters or dilators of these 
strnetnres. A seeondary fimetion of the faeial mnseles is to 
modify the expression of the faee. All the mnseles of the 
faee are developed from the seeond pharyngeal areh and are 
snpplied by the faeial nerve. 

Muscles of the Eyelids 

The sphineter mnsele of the eyelids is the orbienlaris oenli, 
and the dilator mnseles are the levator palpebrae supe- 
rioris and the oeeipitofrontalis (Fig. 11.38). The levator 
palpebrae superioris is deseribed on page 550. The oeeip- 
itofrontalis forms part of the sealp and is deseribed on 
page 575. 

The origin, insertion, nerve supply, and aetion of the 
orbienlaris oculi and the eorrngator snpereilii are deseribed 
in Table 11.4. 

Muscles of the Nostrils 

The sphineter muscle is the eompressor naris and the dila- 
tor muscle is the dilator naris (Fig. 11.38). 

The origin, insertion, nerve supply, and aetion of the 
eompressor naris, the dilator naris, and the proeerns are 
shown in Table 11.4. 

Muscles of the Lips and Gheeks 

The sphineter muscle is the orbicularis oris. The dilator 
muscles eonsist of a series of small mnseles that radiate out 
from the lips. 

Sphineter Muscle of the Lips: Orbicularis Oris 

■ Origin and insertion: The fibers eneirele the oral ori- 
fiee within the snbstanee of the lips (Fig. 11.38). Some 
of the fibers arise near the midline from the maxilla 
above and the mandible below. Other fibers arise from 
the deep snrfaee of the skin and pass obliquely to the 
mucous membrane lining the inner snrfaee of the lips. 
Many of the fibers are derived from the bneeinator 
muscle. 

■ Nerve snpply: Buccal and mandibnlar branehes of the 
faeial nerve 

■ Aetion: Gompresses the lips together 


Dilator Muscles of the Lips 

The dilator mnseles (Fig. 11.38) radiate out from the lips, 
and their aetion is to separate the lips; this movement is 
usually aeeompanied by separation of the jaws. 

The mnseles arise from the bones and faseia around the 
oral apertnre and eonverge to be inserted into the snbstanee 
of the lips. Traeed from the side of the nose to the angle of 
the mouth and then below the oral apertnre, the mnseles 
are named as follows: 

■ Levator labii snperioris alaeque nasi 

■ Levator labii snperioris 

■ Zygomatiens minor 

■ Zygomatiens major 

■ Levator anguli oris (deep to the zygomatie muscles) 

■ Risorius 

■ Depressor anguli oris 

■ Depressor labii inferioris 

■ Mentalis 

Nerve Snpply Buccal and mandibnlar branehes of the faeial 
nerve 

Muscle of the Cheek 

Buccinator 

■ Origin: From the outer surface of the alveolar margins 
of the maxilla and mandible opposite the molar teeth 
and from the pterygomandibnlar ligament (Fig. 11.38). 

■ Insertion: The muscle fibers pass forward, forming the 
muscle layer of the eheek. The muscle is piereed by the 
parotid duct. At the angle of the mouth the eentral fib- 
ers deenssate, those from below entering the upper lip 
and those from above entering the lower lip; the highest 
and lowest fibers eontinne into the upper and lower lips, 
respeetively, without interseeting. The bneeinator muscle 
thus blends and forms part of the orbienlaris oris muscle. 

■ Nerve snpply: Buccal braneh of the faeial nerve 

■ Aetion: Gompresses the eheeks and lips against the teeth 

The origin, insertion, nerve supply, and aetion of the mus- 
eles of the lips and eheeks are shown in Table 11.4. 


e L I N I e A L N 0 T E S 


Faeial Muscle Paralysís 

Thefaeial muscles are innervated bythefaeial nerve. Damage 
to the faeial nerve in the internal acoustic meatus (by a tumor), 
in the middle ear (by infeetion or operation), in the faeial 
nerve eanal (perineuritis, BeM's palsy), or in the parotid gland 
(by a tumor) or caused by laeerations of the faee will cause 
distortion of the faee, with drooping of the lower eyelid, and 
the angle of the mouth will sag on the affeeted side. This is 
essentially a lower motor neuron lesion. An upper motor neu- 
ron lesion (involvement of the pyramidal traets) will leave the 
upper part of the faee normal because the neurons supply- 
ing this part of the faee reeeive corticobulbar fibers from both 
eerebral eortiees. 

V_ ) 
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Faeial Nerve 

As the faeial nerve runs forward within the substance of the 
parotid salivary gland (see page 630), it divides into its five 
terminal branehes (Fig. 11.41). 

■ The temporal braneh emerges from the upper border 
of the gland and snpplies the anterior and snperior 
auricular muscles, the frontal belly of the oeeipito- 
frontalis, the orbienlaris oculi, and the eorrngator 
snpereilii. 

■ The zygomatie braneh emerges from the anterior 
border of the gland and snpplies the orbienlaris 
oculi. 

■ The bneeal braneh emerges from the anterior border 
of the gland below the parotid duct and snpplies the 
bneeinator muscle and the mnseles of the upper lip and 
nostril. 


■ The mandibnlar braneh emerges from the anterior 
border of the gland and snpplies the mnseles of the 
lower lip. 

■ The eervieal braneh emerges from the lower border 
of the gland and passes forward in the neek below the 
mandible to supply the platysma muscle; it may eross 
the lower margin of the body of the mandible to supply 
the depressor anguli oris muscle. 

The faeial nerve is the nerve of the seeond pharyngeal areh 
and snpplies all the mnseles of faeial expression. It does 
not snpply the skin, but its branehes eommnnieate with 
branehes of the trigeminal nerve. It is believed that the 
proprioeeptive nerve fibers of the faeial mnseles leave the 
faeial nerve in these eommnnieating branehes and pass to 
the eentral nervons system via the trigeminal nerve. A sum- 
mary of the origin and distribntion of the faeial nerve is 
shown in Figure 11.67. 



YOLOGie NOTES 




Development of the Faee 

Early in development, the faee of the embryo is represented by 
an area boonded eranially by the neural plate, caudally by the 
pericardium, and laterally by the mandibular proeess of the first 
pharyngeal areh on eaeh side (Fig. 11.43). In the eenter of this 
area is a depression in the eetoderm knovvn as the stomodenm. 
In the floor of the depression is the bneeopharyngeal membrane. 
By the fourth week, the buccopharyngeal membrane breaks 
down so thatthe stomodeum communicates with the foregut. 

The further development of the faee depends on the eoming 
together and fusion of several important proeesses, namely, the 
frontonasal proeess, the maxillary proeesses, and the mandibn- 
lar proeesses (Fig. 11.43). The frontonasal proeess begins as a 
proliferation of mesenehyme on the ventral surface of the devel- 
oping brain, and this grows toward the stomodeum. Meanwhile, 
the maxillary proeess grows out from the upper end of eaeh first 
areh and passes medially, forming the lower border of the devel- 
oping orbit. The mandibular proeesses of the first arehes now 
approaeh one another in the midline below the stomodeum and 
fuse to form the lower jaw and lower lip (Fig. 11.43). 

The olfaetory pits appear as depressions in the lower edge 
of the advaneing frontonasal proeess, dividing it into a medial 
nasal proeess and two lateral nasal proeesses. With further 
development, the maxillary proeesses grow medially and fuse 
with the lateral nasal proeesses and with the medial nasal pro- 
eess (Fig. 11.43). The medial nasal proeess forms the pbiltrnm 
of the upper lip and the premaxilla. The maxillary proeesses 
extend medially, forming the upper jaw and the eheek, and 
finally bury the premaxilla and fuse in the midline. The vari- 
ous proeesses that ultimately form the faee unite during the 
seeond month. 

The npper lip isformed bythe growth medially ofthe maxillary 
proeesses of the first pharyngeal areh on eaeh side. Llltimately, 
the maxillary proeesses meet in the midline and fuse with eaeh 
other and with the medial nasal proeess (Fig. 11.43). Thus, the 
lateral parts of the upper lip are formed from the maxillary 


proeesses, and the medial part, or philtrum, from the medial 
nasal proeess, with contributions from the maxillary proeesses. 

The lower lip is formed from the mandibular proeess of the 
first pharyngeal areh on eaeh side (Fig. 11.43). These proeesses 
grow medially below the stomodeum and fuse in the midline to 
form the entire lower lip. 

Eaeh lip separates from its respeetive gum as the result of the 
appearanee of a linear thiekening of eetoderm, the labiogingival 
lamina, which grows down into the underlying mesenehyme and 
later degenerates. A deep groove thus forms between the lips and 
the gums. In the midline, a short area of the labiogingival lamina 
remains and tethers eaeh lip to the gum, thus forming the frennlnm. 

At first, the montb has a broad opening, but later this dimin- 
ishes in extent because of fusion of the lips atthe lateral angles. 

Sensory Nerve Snpply to tbe Skin of tbe Developing Faee 

The area of skin overlying the frontonasal proeess and its deriva- 
tives reeeives its sensory nerve supply from the ophthalmie divi- 
sion ofthetrigeminal nerve, whereasthe maxillary division ofthe 
trigeminal nerve supplies the area of skin overlying the maxillary 
proeess. The area of skin overlying the mandibular proeess is 
supplied bythe mandibular division of the trigeminal nerve. 

Mnseles of tbe Developing Faee (Mnseles of Faeial 
Expression) 

The muscles of the faee are derived from the mesenehyme of the 
seeond pharyngeal areh. The nerve supply of these muscles is 
the nerve of the seeond pharyngeal areh—namely, the seventh 
eranial nerve. 


eieft Upper Lip 

eieft upper lip may be eonfined to the lip or may be assoeiated 
with a eleft palate. The anomaly is usually nnilateral eleft lip and 
is caused by a failure of the maxillary proeess to fuse with the 
medial nasal proeess (Figs. 11.44 and 11.45). Bilateral eleft lip 
is caused by a failure of both maxillary proeesses to fuse with 
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the medial nasal proeess, vvhieh then remains as a eentral flap 
of tissoe (Figs. 11.46 and 11.48). Median eleft npper lip is very 
rare and is eaosed by the failore of the roonded svvellings of the 
medial nasal proeess to fuse in the midline. 

Oblique Faeial Gleft 

Oblique faeial eleft is a rare eondition in vvhieh the eleft lip on 
one side extendsto the medial margin ofthe orbit(Figs. 11.44 and 
11.47). This is caused by the failure of the maxillary proeess to 
fuse vvith the lateral and medial nasal proeesses. 

eieft Lower Lip 

eieft lovver lip is a rare eondition. The eleft is exactly eentral and is 
caused byineomplete fusion ofthe mandibularprocesses(Fig. 11.44). 


Treatment of Isolated Gleft Lip 

The eondition of isolated eleft lip usually is treated by plastie sur- 
gery no laterthan 2 months after birth, providedthe baby's eondi- 
tion permits. The surgeon strives to approximate the vermilion 
border and to form a normal-looking lip (Fig. 11.48A-C). 


Maerostomia and Mierostomia 

The normal size of the mouth shovvs eonsiderable individual vari- 
ation. Rarely, there is ineomplete fusion of the maxillary vvith the 
mandibular proeesses, producing an excessively large mouth or 
maerostomia. Very rarely, there is excessive fusion of these pro- 
eesses, producing a small mouth or mierostomia. These eondi- 
tions ean easily be eorreeted surgically. 
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FIGURE 11.43 Different stages in development of the faee. 
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unilateral eleft lip 



bilateral eleft lip 



median eleft upper lip 



median eleft lower lip 



FIGURE 11.46 Bilateral eleft upper lip and palate. (Courtesy 
of R. ehase.) 



oblique faeial eleft 
FIGURE 11.44 Various forms of eleft lip. 


The Neek 

The neek is the region of the body that lies between the 
lower margin of the mandible above and the snpraster- 
nal noteh and the npper border of the elaviele below. It is 
strengthened by the eervieal part of the vertebral eolnmn, 



which is convex forward and snpports the sknll. Behind 
the vertebrae is a mass of extensor mnseles and in front is 
a smaller gronp of f[exor mnseles (Fig. 11.49). In the een- 
tral region of the neek are parts of the respiratory system, 
namely, the larynx and the traehea, and behind are parts 
of the alimentary system, the pharynx and the esophagns. 
At the sides of these strnetnres are the vertieally rnnning 
earotid arteries, internal jngnlar veins, the vagns nerve, and 
the deep eervieal lymph nodes (Fig. 11.49). 

Skin of the Neek 

The natnral lines of eleavage of the skin are eonstant and 
run almost horizontally around the neek. This is important 
elinieally beeanse an ineision along a eleavage line will heal 



FIGURE 11.45 Llnilateral eleft upper lip. (Courtesy of 
R. ehase.) 


FIGURE 11.47 Right-sided oblique faeial eleft and left-sided 
eleft upper lip.There also is total bilateral eleft palate. 
(Courtesy of R. Chase.) 
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FIGURE 11.48 eieft lip and palate. A. A three-dimensional nltrasonograph reveals bilateral eleft lip at 22 vveeks of gestation. 
(Courtesy of Dr. B. Benaeerraf.) B. An infant vvith bilateral eomplete eleft lip and palate. C. Shovvs the same ehild at 18 months 
of age, after synchronous nasolabial repair and palatal closure performed at a seeond stage. (Courtesy of Dr. J. B. Mulliken. 

A/Eng/J Mee/351 ;8:769.) 
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FIGURE 11.49 Cross seetion of the neek at the level of the 6th eervieal vertebra. 
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FIGURE 11.50 Sensory nerve supply to skin of the head 
and neek. Note that the skin over the angle of the javv is 
supplied by the great auricular nerve (C2 and 3) and not by 
branehes of the trigeminal nerve. 


as a narrow sear, whereas one that erosses the lines will heal 
as a wide or heaped-up sear. 

Cutaneous Nerves 

The skin overlying the trapezius muscle on the baek of the 
neek and on the baek of the sealp as high as the vertex is 
snpplied segmentally by posterior rami of eervieal nerves 
2 to 5 (Fig. 11.50). The greater oeeipital nerve is a braneh 
of the posterior ramus of the 2nd eervieal nerve. The Ist 
eervieal nerve has no cutaneous braneh. 

The skin of the front and sides of the neek is snpplied 
by anterior rami of eervieal nerves 2 to 4 throngh branehes 
of the eervieal plexus. The branehes emerge from beneath 
the posterior border of the sternoeleidomastoid muscle 
(Fig. 11.50). 

The lesser oeeipital nerve (C2) hooks around the aeees- 
sory nerve and aseends along the posterior border of the 
sternoeleidomastoid muscle to supply the skin over the lat- 
eral part of the oeeipital region and the medial snrfaee of 
the anriele (Fig. 11.50). 

The great anrienlar nerve (C2 and 3) aseends 
aeross the sternoeleidomastoid muscle and divides into 
branehes that supply the skin over the angle of the man- 
dible, the parotid gland, and on both snrfaees of the auri- 
ele (Fig. 11.50). 

The transverse entaneons nerve (C2 and 3) emerges 
from behind the middle of the posterior border of the 
sternoeleidomastoid muscle. It passes forward aeross 
that muscle and divides into branehes that supply 


the skin on the anterior and lateral snrfaees of the 
neek, from the body of the mandible to the sternnm 
(Fig. 11.50). 

The snpraelavienlar nerves (C3 and 4) emerge from 
beneath the posterior border of the sternoeleidomastoid 
muscle and deseend aeross the side of the neek. They pass 
onto the ehest wall and shonlder region, down to the 
level of the seeond rib (Fig. 11.50). The medial snpraela- 
vienlar nerve erosses the medial end of the elaviele and 
snpplies the skin as far as the median plane. The inter- 
mediate snpraelavienlar nerve erosses the middle of the 
elaviele and snpplies the skin of the ehest wall. The lat- 
eral snpraelavienlar nerve erosses the lateral end of the 
elaviele and snpplies the skin over the shonlder and the 
upper half of the deltoid muscle; this nerve also snpplies 
the posterior aspeet of the shonlder as far down as the 
spine of the seapnla. 


Superfìcial Faseia 

The snperfieial faseia of the neek forms a thin layer that 
eneloses the platysma muscle. Also embedded in it are 
the cutaneous nerves referred to in the previons see- 
tion, the snperfieial veins, and the snperfieial lymph 
nodes. 

Platysma 

The platysma muscle (Figs. 11.38 and 11.51) is a thin 
but elinieally important muscular sheet embedded in 
the snperfieial faseia. It is deseribed in Table 11.5, page 
589. 

Superficial Veins 

External JugularVein 

The external jugular vein begins just behind the angle of 
the mandible by the union of the posterior auricular vein 
with the posterior division of the retromandibnlar vein 
(Fig. 11.52). It deseends obliquely aeross the sternoeleido- 
mastoid muscle and, just above the elaviele in the posterior 
triangle, pierees the deep faseia and drains into the subcla- 
vian vein (Fig. 11.53). It varies eonsiderably in size, and its 
course extends from the angle of the mandible to the mid- 
dle of the elaviele. 

Tributaries 

The external jugular vein (Fig. 11.52) has the following 
tribntaries: 

■ Posterior auricular vein 

■ Posterior division of the retromandibnlar vein 

■ Posterior external jugular vein, a small vein that drains 
the posterior part of the sealp and neek and joins the 
external jugular vein about halfway along its course 

■ Transverse eervieal vein 

■ Suprascapular vein 

■ Anterior jugular vein 
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Vìsíbìlìty of the External Jngnlar Veìn 

The external jugular vein is less obvious in ehildren and vvomen 
because their subcutaneous tissue tends to be thieker than the tis- 
sue of men. In obese individuals,the vein may be difficultto identify 
even when they are asked to hold their breath, which impedes the 
venous return to the right side of the heart and distends the vein. 

The superficial veins of the neek tend to be enlarged and 
often tortuous in professional singers because of prolonged 
periods of raised intrathoraeie pressure. 

The External Jngnlar Veìn as a Venons Manometer 

The external jugular vein serves as a useful venous manometer. 
Normally, when the patient is lying at a horizontal angle of 30°, 



the level of the blood in the external jugular veins reaehes about 
one third of the way up the neek. As the patient sits up, the blood 
level falls until it is no longer visible behind the elaviele. 


External Jngnlar Vein Catheterízation 

The external jugular vein ean be used for eatheterization, butthe 
presenee of valves or tortuosity may make the passage of the 
eatheter difficult. Because the right external jugular vein is in the 
most direet line with the superior vena eava, it is the one most 
eommonly used (Fig. 11.54). 

The vein is eatheterized about halfway between the level of 
the erieoid eartilage and the elaviele. The passage of the eatheter 
should be performed during inspiration when the valves are open. 



FIGURE 11.51 Disseetion of the anterior aspeet of the neek shovving the platysma muscles and the lovver ends of the 
sternoeleidomastoid muscles on both sides.The skin has been refleeted dovvnvvard. 
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TABLE 1 1 .5 1 

Muscles of the Neek 




Muscle 

Origin 

Insertion 

Nerve Supply 

Aetion 

Platysma 

Deep faseia over 
peetoralis major and 
deltoid 

Body of mandible and angle 
of mouth 

Faeial nerve eervieal 
braneh 

Depresses mandible and 
angle of mouth 

Sternoeleidomastoid 

Manubrium sterni and 
medial third of elaviele 

Mastoid proeess of 
temporal bone and 
oeeipital bone 

Spinal part of 
aeeessory nerve 
and C2 and 3 

Tvvo muscles aeting 
together extend head 
and flex neek; one 
muscle rotates head to 
opposite side 

Digastrie 





Posterior belly 

Mastoid proeess of 
temporal bone 

Intermediate tendon is held 
to hyoid by faseial sling 

Faeial nerve 

Depresses mandible or 
elevates hyoid bone 

Anterior belly 

Body of mandible 


Nerve to mylohyoid 


Stylohyoid 

Styloid proeess 

Body of hyoid bone 

Faeial nerve 

Elevates hyoid bone 

Mylohyoid 

Mylohyoid line of body of 
mandible 

Body of hyoid bone and 
fibrous raphe 

Inferior alveolar 

nerve 

Elevates floor of mouth 
and hyoid bone or 
depresses mandible 

Geniohyoid 

Inferior mental spine of 
mandible 

Body of hyoid bone 

Ist eervieal nerve 

Elevates hyoid bone or 
depresses mandible 

Sternohyoid 

Manubrium sterni and 
elaviele 

Body of hyoid bone 

Ansa eerviealis; C1, 

2, and 3 

Depresses hyoid bone 

Sternothyroid 

Manubrium sterni 

Oblique line on lamina of 
thyroid eartilage 

Ansa eerviealis; C1, 

2, and 3 

Depresses larynx 

Thyrohyoid 

Oblique line on lamina of 
thyroid eartilage 

Lovver border of body of 
hyoid bone 

Ist eervieal nerve 

Depresses hyoid bone or 
elevates larynx 

Omohyoid 





Inferior belly 

Llpper margin of scapula 
and suprascapular 
ligament 

Intermediate tendon is held 
to elaviele and first rib by 
faseial sling 

Ansa eerviealis; C1, 

2, and 3 

Depresses hyoid bone 

Soperior belly 

Lovver border of body of 
hyoid bone 




Sealenos anterior 

Transverse proeesses of 

3rd, 4th, 5th, and 6th 
eervieal vertebrae 

Ist rib 

C4, 5, and 6 

Elevates Ist rib; laterally 
flexes and rotates 
eervieal partof 
vertebral column 

Sealenos medius 

Transverse proeesses 
of upper six eervieal 
vertebrae 

Ist rib 

Anterior rami of 
eervieal nerves 

Elevates Ist rib; laterally 
flexes and rotates 
eervieal partof 
vertebral column 

Scalenus posterior 

Transverse proeesses 
of lovver eervieal 
vertebrae 

2nd rib 

Anterior rami of 
eervieal nerves 

Elevates 2nd rib; laterally 
flexes and rotates 
eervieal partof 
vertebral column 
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faeial 

vein 


anterior jugular 


vein 


jugular areh 
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the veins of the two sides are nnited by a transverse trnnk 
ealled the jugular areh. The vein then tnrns sharply later- 
ally and passes deep to the sternoeleidomastoid mnsele to 
drain into the external jngnlar vein. 

Superficial Lymph Nodes 

The snperfieial eervieal lymph nodes lie along the external 
jngnlar vein snperfieial to the sternoeleidomastoid mnsele 
(Fig. 11.40). They reeeive lymph vessels from the oeeipital 
and mastoid lymph nodes (see page 604) and drain into the 
deep eervieal lymph nodes. 

Bones of the Neek 

Gervieal Vertebrae 

The eervieal part of the vertebral eolnmn is deseribed on 
page 686. 


FIGURE 11.52 Major superficial veins of the faee and neek. 


Anterior Jugular Vein 

The anterior jngnlar vein begins just below the ehin, by the 
union of several small veins (Fig. 11.52). It runs down the 
neek elose to the midline. Just above the suprasternal noteh, 


Hyoid Bone 

The hyoid bone is a mobile single bone found in the midline 
of the neek below the mandible and abides the larynx. It does 
not artienlate with any other bones. The hyoid bone is U 
shaped and eonsists of a body and two greater and two lesser 
cornua (Fig. 11.32). It is attaehed to the skull by the stylohy- 
oid ligament and to the thyroid eartilage by the thyrohyoid 



greater oeeipital nerve 


semispinalis eapitis 


posterior ramus C3 

trapezius 
splenius eapitis 
great auricular nerve 


sternoeleidomastoid 


posterior ramus 
levator scapulae 

C3 and C4 


transverse cutaneous nerve 
superior belly of omohyoid 


spinal part of aeeessory nerve 

posterior ramus C5 
scalenus medius 


supraclavicular nerves 
dorsal scapular nerve 

upper trunk of braehial plexus 
middle trunk of braehial plexus 


superficial eervieal artery 


inferior belly of omohyoid 


suprascapular nerve and artery 

external jugular vein 
third part of subclavian a 


lower trunk of braehial plexus 
nerve to subclavius 


FIGURE 11.53 Posterior triangle of the neek. 
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FIGURE 11.54 Gatheterization of the right external jugular vein. A. Surface marking of the vein. B. Site of eatheterization. Note 
hovv the extemal jugular vein joins the subclavian vein at a right angle. C. Gross seetion of the neek shovving the relationships 
of the external jugular vein as it erosses the posterior triangle of the neek. 


membrane. The hyoid bone forms a base for the tongne and 
is snspended in position by mnseles that eonneet it to the 
mandible, to the styloid proeess of the temporal bone, to the 
thyroid eartilage, to the sternnm, and to the seapnla. 

The important mnseles attaehed to the hyoid bone are 
shown in Fignre 11.32. 

Muscles of the Neek 

The snperfieial mnseles of the side of the neek (Figs. 11.38 
and 11.51) are deseribed in Table 11.5. The snprahyoid and 
infrahyoid mnseles and the anterior and lateral vertebral 
mnseles are also deseribed in Table 11.5. 



eiinìeal identífieatíon of the Platysma 

The platysma ean be seen as a thin sheet of muscle just 
beneath the skin by having the patient eleneh his or her jaws 
firmly. The muscle extends from the body of the mandible 
downward over the elaviele onto the anterior ehest wall. 


Platysma Tone and Neek ineisions 

In laeerations or surgical ineisions in the neek, it is very impor- 
tant that the subcutaneous layer with the platysma be eare- 
fully sutured, sinee the tone of the platysma ean pull on the 
scartissue, resulting in broad, unsightly sears. 

Platysma Innervation, Month Distortion, and Neek 
ineisions 

The platysma muscle is innervated by the eervieal braneh of 
the faeial nerve. This nerve emerges from the lower end of 
the parotid gland and travels forward to the platysma; itthen 
sometimes erosses the lower border of the mandible to supply 
the depressor anguli oris muscle (see page XXX). Skin laeera- 
tions over the mandible or upper part of the neek may distort 
the shape of the mouth. 

V___ J 


Key Neek Muscles 

Sternoeleidonnastoid Muscle 

When the sternoeleidomastoid mnsele (Figs. 11.51, 11.53, 
and 11.55) eontraets, it appears as an oblique band erossing 
the side of the neek from the sternoclavicular joint to the 
mastoid proeess of the skull. It divides the neek into ante- 
rior and posterior triangles (Fig. 11.56). The anterior border 
eovers the earotid arteries, the internal jugular vein, and the 
deep eervieal lymph nodes; it also overlaps the thyroid gland. 
The muscle is eovered superficially by skin, faseia, the platy- 
sma muscle, and the external jugular vein. The deep snrfaee 
of the posterior border is related to the eervieal plexus of 
nerves, the phrenie nerve, and the upper part of the braehial 
plexus. The origin, insertion, nerve supply, and aetion of the 
sternoeleidomastoid muscle are summarized in Table 11.5. 




e L I N I e A L N 0 T E S 


Sternoeleìdomastoìd Mnsele and Proteetìon from 
Tranma 

The sternoeleidomastoid, a strong, thiek muscle erossing the 
side of the neek, proteets the underlying soft structures from 
blunt trauma. Suicide attempts by cutting one's throat often 
fail because the individual first extends the neek before mak- 
ing several horizontal cuts with a knife. Extension of the eer- 
vieal part of the vertebral column and extension of the head 
at the atlantooeeipital joint cause the earotid sheath with its 
eontained large blood vessels to slide posteriorly beneath the 
sternoeleidomastoid muscle. To aehieve the desired result 
with the head and neek fully extended, some individuals have 
to make several attempts and only succeed when the larynx 
and the greater part of the sternoeleidomastoid muscles have 
been severed. The eommon sites forthe wounds are immedi- 
ately above and belowthe hyoid bone. 



(continued) 
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Gongenìtal Tortìeollis 

Most eases of eongenital tortieollis are a result of excessive 
stretehing of the sternoeleidomastoid muscle during a dif- 
ficult labor. Hemorrhage occurs into the muscle and may be 
deteeted as a small, rounded "tumor" during the early vveeks 
after birth. Later, this beeomes invaded by fibrous tissue, 
vvhieh eontraets and shortens the muscle. The mastoid pro- 
eess is thus pulled dovvn tovvard the sternoclavicular joint of 
the same side, the eervieal spine is flexed, and the faee looks 
upvvard to the opposite side. If left untreated, asymmetrieal 
grovvth ehanges occur in the faee, and the eervieal vertebrae 
may beeome vvedge shaped. 

Spasmodìe Tortieollìs 

Spasmodie tortieollis, vvhieh results from repeated ehronie 
eontraetions of the sternoeleidomastoid and trapezius mus- 
eles, is usually psyehogenie in origin. Seetion of the spinal part 
of the aeeessory nerve may be neeessary in severe eases. 


Scalenus Anterior Muscle 

The scalenus anterior muscle is a key muscle in under- 
standing the root of the neek (Fig. 11.57). It is deeply plaeed 
and it deseends almost vertieally from the vertebral column 
to the Ist rib. 

Important Relations 

■ Anteriorly: Related to the earotid arteries, the vagus 
nerve, the internal jugular vein, and the deep eervi- 
eal lymph nodes (Fig. 11.49). The transverse eervieal 
and suprascapular arteries and the prevertebral layer 
of deep eervieal faseia bind the phrenie nerve to the 
muscle. 

■ Posteriorly: Related to the pleura, the origin of the bra- 
ehial plexus, and the seeond part of the snbelavian artery 
(Fig. 11.57). The sealenns medius muscle lies behind the 
sealenns anterior muscle. 

■ Medially: Related to the vertebral artery and vein and 
the sympathetie trunk (Fig. 11.57). On the left side, the 
medial border is related to the thoraeie duct. 
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FIGURE 11.55 Anterior triangle of the neek. 
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FIGURE 11.56 Muscular triangles of the neek 


■ Laterally: Related to the emerging branehes of the eervi- 
eal plexus, the roots of the braehial plexus, and the third 
part of the subclavian artery (Fig. 11.57). 

The origin, insertion, nerve supply, and aetion of the seale- 
nus anterior muscle are summarized in Table 11.5. 

Deep Gervieal Faseia 

The deep eervieal faseia snpports the muscles, the vessels, and 
the viseera of the neek (Fig. 11.49). In eertain areas, it is eon- 
densed to form well-defined, fibrous sheets ealled the invest- 
ing layer, the pretraeheal layer, and the prevertebral layer. 
It is also eondensed to form the earotid sheath (Fig. 11.49). 

Investing Layer 

The investing layer is a thiek layer that eneireles the neek. It 
splits to enelose the trapezius and the sternoeleidomastoid 
muscles (Fig. 11.49). 


Pretraeheal Layer 

The pretraeheal layer is a thin layer that is attaehed above 
to the laryngeal eartilages (Fig. 11.49). It surrounds the thy- 
roid and the parathyroid glands, forming a sheath for them, 
and eneloses the infrahyoid muscles. 

Prevertebral Layer 

The prevertebral layer is a thiek layer that passes like a sep- 
tum aeross the neek behind the pharynx and the esoph- 
agus and in front of the prevertebral muscles and the 
vertebral column (Fig. 11.49). It forms the faseial fioor of 
the posterior triangle, and it extends laterally over the first 
rib into the axilla to form the important axillary sheath 
(see page 596). 

Garotid Sheath 

The earotid sheath is a loeal eondensation of the preverte- 
bral, the pretraeheal, and the investing layers of the deep 
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FIGURE 11.57 Prevertebral region and the root of the neek 
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eiìnìeal Signìfieanee of the Deep Faseia of the Neek 

As previously deseribed, the deep faseia in eertain areas forms 
distinet sheets ealled the investing, pretraeheal, and preverte- 
bral layers. These faseial layers are easily reeognizable to the 
surgeon at operation. 

Faseial Spaees 

Betvveen the more dense layers of deep faseia in the neek is 
loose connectivetissuethatforms potential spaeesthatare elin- 
ieally important. Among the more important spaees are the vis- 
eeral, retropharyngeal, submandibular, and mastieatory spaees 
(Fig. 11.58). 

The deep faseia and the faseial spaees are important 
because organisms originating in the mouth, teeth, pharynx, and 
esophagus ean spread among the faseial planes and spaees, 
and the tough faseia ean determine the direetion of spread of 
infeetion and the path taken by pus. It is possible for blood, pus, 
or air in the retropharyngeal spaee to spread dovvnvvard into the 
superior mediastinum of the thorax. 


Acute infeetions of the Faseial Spaees of the Neek 

Dental infeetions most eommonly involve the lovver molar teeth. 
The infeetion spreads medially from the mandible into the sub- 
mandibular and mastieatory spaees and pushes the tongue for- 
vvard and upvvard. Further spread dovvnvvard may involve the 
viseeral spaee and lead to edema of the voeal eords and airvvay 
obstruction. 

Ludwig's angina is an acute infeetion of the submandibular 
faseial spaee and is eommonly seeondary to dental infeetion. 

Ghronie infeetion of the Faseial Spaees of the Neek 

Tuberculous infeetion of the deep eervieal lymph nodes ean 

result in liquefaction and destruction of one or more of the nodes. 
The pus is atfirst limited bythe investing layerofthe deepfaseia. 
Later, this beeomes eroded at one point, and the pus passes into 
the less restrieted superficial faseia. A dumbbell or collar-stud 
abseess is now present. The elinieian is aware of the superficial 
abseess but must not forget the existence of the deeply plaeed 
abseess. 
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FIGLIRE 11.58 A. Gross seetion of the neek shovving the viseeral spaee. B. Sagittal seetion of the neek shovving the positions 
of the retropharyngeal and subnnandibular spaees. C. Vertieal seetion of the body of the mandible elose to the angle shovving 
the mastieatory spaee. 
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faseia that surround the eommon and internal earotid 
arteries, the internal jugular vein, the vagus nerve, and the 
deep eervieal lymph nodes (Fig. 11.49). 

Axillary Sheath 

All the anterior rami of the eervieal nerves that emerge in the 
interval between the sealenns anterior and sealenns medius 
muscles lie at first deep to the prevertebral faseia. As the sub- 
elavian artery and the braehial plexus emerge in the inter- 
val between the sealenns anterior and the sealenns medius 
muscles, they earry with them a sheath of the faseia, which 
extends into the axilla and is ealled the axillary sheath. 

Cervical Ligaments 

Stylohyoid ligament: Gonneets the styloid proeess to the 
lesser cornu of the hyoid bone (Fig. 11.80) 
Stylomandibnlar ligament: Gonneets the styloid proeess 
to the angle of the mandible (Fig. 11.33) 
Sphenomandibnlar ligament: Gonneets the spine of the 
sphenoid bone to the lingnla of the mandible (Fig. 11.33) 
Pterygomandibnlar ligament: Gonneets the hamnlar pro- 
eess of the medial pterygoid plate to the posterior end of 
the mylohyoid line of the mandible. It gives attaehment 
to the snperior eonstrietor and the bneeinator mnseles 
(Fig. 11.80). 

Muscular Triangles of the Neek 

The sternoeleidomastoid muscle divides the neek into the 
anterior and the posterior triangles (Fig. 11.56). 

AnteriorTriangle 

The anterior triangle is bonnded above by the body of the 
mandible, posteriorly by the sternoeleidomastoid muscle, 
and anteriorly by the midline (Fig. 11.56). It is fnrther sub- 
divided into the earotid triangle, the digastrie triangle, the 
snbmental triangle, and the mnsenlar triangle (Fig. 11.56). 

PosteriorTriangle 

The posterior triangle is bonnded posteriorly by the trape- 
zius muscle, anteriorly by the sternoeleidomastoid muscle, 
and inferiorly by the elaviele (Fig. 11.56). The posterior tri- 
angle of the neek is fiirther snbdivided by the inferior belly 
of tbe omobyoid mnsele into a large oeeipital triangle above 
and a small snpraelavienlar triangle below (Fig. 11.56). 

The snprahyoid and infrahyoid mnseles and the anterior 
and lateral vertebral mnseles are deseribed in Table 11.5. 



FIGIJRE 11.59 Main arteries of the head and neek. Note that 
for elarity the thyroeervieal tmnk, the eostoeervieal tmnk, 
and the internal thoraeie artery—branehes of the subclavian 
artery—are not shovvn. 


earotid Sinus 

At its point of division, the terminal part of the eommon 
earotid artery or the beginning of the internal earotid 
artery shows a loealized dilatation, ealled the earotid sinus 
(Fig. 11.60). The tunica media of the sinus is thinner than 
elsewhere, but the adventitia is relatively thiek and eontains 
numerous nerve endings derived from the glossopharyn- 
geal nerve. The earotid sinus serves as a refiex pressoreeep- 
tor meehanism: A rise in blood pressnre causes a slowing of 
the heart rate and vasodilatation of the arterioles. 



earotìd Sìnus Hypersensitivìty 

In eases of earotid sinus hypersensitivity, pressure on one or 
both earotid sinuses ean cause excessive slovving of the heart 
rate, a fall in blood pressure, and eerebral isehemia with fainting. 

V___ J 


Arteries of the Head and Neek 

eommon Garotid Artery 

The right eommon earotid artery arises from the braehi- 
oeephalie artery behind the right sternoelavienlar joint 
(Figs. 11.57 and 11.59). The left artery arises from the 
areh of the aorta in the snperior mediastinnm (see page 
95). The eommon earotid artery runs upward through 
the neek under eover of the anterior border of the ster- 
noeleidomastoid muscle, from the sternoclavicular joint 
to the upper border of the thyroid eartilage. Here, it 
divides into the external and internal earotid arteries 
(Figs. 11.55 and 11.60). 


earotid Body 

The earotid body is a small structure that lies posterior 
to the point of bifnreation of the eommon earotid artery 
(Fig. 11.60). It is innervated by the glossopharyngeal 
nerve. The earotid body is a ehemoreeeptor, being sensi- 
tive to excess earbon dioxide and redneed oxygen tension 
in the blood. Such a stimulus refiexly produces a rise in 
blood pressnre and heart rate and an inerease in respira- 
tory movements. 

The eommon earotid artery is embedded in a eonnee- 
tive tissue sheath, ealled the earotid sheath, throughout its 
course and is elosely related to the internal jugular vein and 
vagus nerve (Fig. 11.49). 
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FIGURE 11.60 Styloid nnuscles, vessels, and nerves of the neek 


Relations of the Connnnon Carotid Artery 

■ Anterolaterally: The skin, the faseia, the sternoeleido- 
mastoid, the sternohyoid, the sternothyroid, and the 
snperior belly of the omohyoid (Fig. 11.55) 

■ Posteriorly: The transverse proeesses of the lower four 
eervieal vertebrae, the prevertebral muscles, and the 
sympathetie trunk (Fig. 11.57). In the lower part of the 
neek are the vertebral vessels. 

■ Medially: The larynx and pharynx and, below these, the 
traehea and esophagns (Fig. 11.49). The lobe of the thy- 
roid gland also lies medially. 

■ Laterally: The internal jugular vein and, posterolater- 
ally, the vagus nerve (Fig. 11.49). 

Branehes of the Connnnon Carotid Artery 

Apart from the two terminal branehes, the eommon earotid 

artery gives off no branehes. 



Takìng the Carotìd Pnlse 

The bifurcation of the eommon earotid artery into the inter- 
nal and external earotid arteries ean be easily palpated just 
beneath the anterior border of the sternoeleidomastoid mus- 
ele at the level of the superior border of the thyroid eartilage. 
This is a eonvenient site to take the earotid pulse. 

V___ J 


Extemal Carotid Artery 

The external earotid artery is one of the terminal branehes 
of the eommon earotid artery (Fig. 11.59). It snpplies struc- 
tures in the neek, faee, and sealp; it also snpplies the tongue 
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and the maxilla. The artery begins at the level of the npper 
border of the thyroid eartilage and terminates in the sub- 
stanee of the parotid gland behind the neek of the mandi- 
ble by dividing into the superficial temporal and maxillary 
arteries. 

eiose to its origin, the artery emerges from nndereover 
of the sternoeleidomastoid muscle, where its pulsations ean 
be felt. At first, it lies medial to the internal earotid artery, 
but as it aseends in the neek, it passes backward and lateral 
to it. It is erossed by the posterior belly of the digastrie and 
the stylohyoid (Fig. 11.55). 

Relations of the External Garotid Artery 

■ Anterolaterally: The artery is overlapped at its begin- 
ning by the anterior border of the sternoeleidomastoid. 
Above this level, the artery is eomparatively snperfieial, 
being eovered by skin and faseia. It is erossed by the 
hypoglossal nerve (Fig. 11.55), the posterior belly of the 
digastrie muscle, and the stylohyoid mnseles. Within 
the parotid gland, it is erossed by the faeial nerve (Fig. 
11.85). The internal jugular vein first lies lateral to the 
artery and then posterior to it. 

■ Medially: The wall of the pharynx and the internal 
earotid artery. The stylopharyngens muscle, the glos- 
sopharyngeal nerve, and the pharyngeal braneh of the 
vagus pass between the external and internal earotid 
arteries (Fig. 11.60). 

For the relations of the external earotid artery in the parotid 
gland, see Figure 11.85B. 

Branehes of the External Garotid Artery 

■ Superior thyroid artery 

■ Aseending pharyngeal artery 

■ Lingnal artery 

■ Faeial artery 

■ Oeeipital artery 

■ Posterior auricular artery 

■ Superficial temporal artery 

■ Maxillary artery 

SuperiorThyroid Artery 

The superior thyroid artery curves downward to the upper 
pole of the thyroid gland (Figs. 11.55 and 11.60). It is 
aeeompanied by the external laryngeal nerve, which sup- 
plies the erieothyroid muscle. 

Aseending Pharyngeal Artery 

The aseending pharyngeal artery aseends along and sup- 
plies the pharyngeal wall. 

Lingual Artery 

The lingnal artery loops upward and forward and snpplies 
the tongue (Figs. 11.55 and 11.60). 

Faeial Artery 

The faeial artery loops upward elose to the outer surface of 
the pharynx and the tonsil. It lies deep to the submandibu- 
lar salivary gland and emerges and bends around the lower 
border of the mandible. It then aseends over the faee elose 
to the anterior border of the masseter muscle. The artery 


then aseends around the lateral margin of the mouth and 
terminates at the medial angle of the eye (Figs. 11.55 and 
11.59). 

Branehes of the faeial artery supply the tonsil, the sub- 
mandibular salivary gland, and the mnseles and the skin of 
the faee. 

Oeeipital Artery 

The artery snpplies the baek of the sealp (Fig. 11.59). 

Posterior Auricular Artery 

The posterior auricular artery supplies the auricle and the 
sealp (Fig. 11.59). 

SuperficialTemporal Artery 

The snperfieial temporal artery aseends over the zygomatie 
areh, where it may be palpated just in front of the anriele 
(Fig. 11.59). It is aeeompanied by the auriculotemporal 
nerve, and it snpplies the sealp. 

Maxillary Artery 

The maxillary artery runs forward medial to the neek of the 
mandible (Fig. 11.59) and enters the pterygopalatine fossa 
of the skull. 

Branehes of the Maxillary Artery 

Branehes supply the upper and the lower jaws, the mus- 
eles of mastieation, the nose, the palate, and the meninges 
inside the skull. 

Middle Meningeal Artery 

The middle meningeal artery enters the skull through the 
foramen spinosnm (Fig. 11.66). It runs laterally within the 
skull and divides into anterior and posterior branehes (Figs. 
11.20 and 11.131). The anterior braneh is important beeanse 
it lies elose to the motor area of the eerebral cortex of the brain. 
Aeeompanied by its vein, it grooves (or tnnnels) throngh the 
upper part of the greater wing of the sphenoid bone of the 
skull and the thin anteroinferior angle of the parietal bone, 
where it is prone to damage after a blow to the head. 

The origin and distribntion of the branehes of the exter- 
nal earotid artery are shown in Figure 11.59. 

Internal Garotid Artery 

The internal earotid artery begins at the bifiireation of the 
eommon earotid artery at the level of the upper border of 
the thyroid eartilage (Figs. 11.55 and 11.59). It snpplies 
the brain, the eye, the forehead, and part of the nose. The 
artery aseends in the neek embedded in the earotid sheath 
with the internal jugular vein and vagus nerve. At first it 
lies snperfieially; it then passes deep to the parotid salivary 
gland (Figs. 11.60 and 11.85B). 

The internal earotid artery leaves the neek by passing into 
the eranial eavity throngh the earotid eanal in the petrons 
part of the temporal bone. It then passes upward and for- 
ward in the eavernons venous sinus (without communi- 
eating with it). The artery then leaves the sinus and passes 
upward again medial to the anterior elinoid proeess of the 
sphenoid bone. The internal earotid artery then inelines 
backward, lateral to the optie ehiasma, and terminates by 
dividing into the anterior and the middle eerebral arteries. 
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Relations of the Internal Carotid Artery in the Neek 

■ Anterolaterally: Below the digastrie lie the skin, the fas- 
eia, the anterior border of the sternoeleidomastoid, and 
the hypoglossal nerve (Fig. 11.55). Above the digastrie 
lie the stylohyoid mnsele, the stylopharyngens mnsele, 
the glossopharyngeal nerve, the pharyngeal braneh of 
the vagns, the parotid gland, and the external earotid 
artery (Figs. 11.60 and 11.85B). 

■ Posteriorly: The sympathetie trnnk (Fig. 11.60), the 
longns eapitis mnsele, and the transverse proeesses of 
the npper three eervieal vertebrae 

■ Medially: The pharyngeal wall and the snperior laryn- 
geal nerve 

■ Laterally: The internal jngnlar vein and the vagns nerve 
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Arterioselerosìs of the Internal Carotíd Artery 

Extensive arterioselerosis of the internal earotid artery in the 
neek ean cause visual impairment or blindness in the eye 
on the side of the lesion because of insufficient blood flow 
through the retinal artery. Motor paralysis and sensory loss 
may also occur on the opposite side of the body because of 
insufficient blood flow through the middle eerebral artery. 

V___ J 

Branehes of the Internal Carotid Artery 

There are no branehes in the neek. Many important 
branehes, however, are given off in the sknll. 

Ophthalmie Artery 

The ophthalmie artery arises from the internal earotid artery 
as it emerges from the eavernons sinns (Fig. 11.20). It passes 
forward into the orbital eavity throngh the optie eanal, and 
it gives off the eentral artery of the retina, which enters the 
optie nerve and runs forward to enter the eyeball. The eentral 
artery is an end artery and the only blood supply to the retina. 

Posterior Communicating Artery 

The posterior eommnnieating artery runs backward to join 
the posterior eerebral artery (Fig. 11.15). 

Anterior Gerebral Artery 

The anterior eerebral artery is a terminal braneh of the 
internal earotid artery (Fig. 11.15). It passes forward 
between the eerebral hemispheres and then winds around 
the corpus callosum of the brain to supply the medial and 
the snperolateral snrfaees of the eerebral hemisphere. It is 
joined to the artery of the opposite side by the anterior 
eommnnieating artery. 

Middle Gerebral Artery 

The middle eerebral artery is the largest terminal braneh 
of the internal earotid artery (Fig. 11.15), and it runs later- 
ally in the lateral eerebral sulcus of the brain. It snpplies 
the entire lateral snrfaee of the eerebral hemisphere except 


the narrow strip along the snperolateral margin (which is 
snpplied by the anterior eerebral artery) and the oeeipital 
pole and inferolateral snrfaee of the hemisphere (both of 
which are snpplied by the posterior eerebral artery). The 
middle eerebral artery thus supplies all the motor area of 
the eerebral cortex except the leg area. It also gives off een- 
tral branehes that supply eentral masses of gray matter and 
the internal eapsnle of the brain. 

eirele of VVillis 

The eirele of Willis lies in the snbaraehnoid spaee (see page 
543) at the base of the brain. It is formed by the anastomo- 
sis between the branehes of the two internal earotid arter- 
ies and the two vertebral arteries (Fig. 11.15). The anterior 
eommnnieating, posterior eerebral, and basilar (formed by 
the jnnetion of the two vertebral arteries) are all arteries 
that eontribnte to the eirele. Gortieal and eentral branehes 
arise from the eirele and supply the brain. 

Subclavian Arteries 

Right Subclavian Artery 

The right snbelavian artery arises from the braehioeephalie 
artery, behind the right sternoelavienlar joint (Figs. 11.57 
and 11.59). It arehes upward and laterally over the pleura 
and between the sealenns anterior and medius muscles. At 
the outer border of the Ist rib, it beeomes the axillary artery. 

Left Subclavian Artery 

The left subclavian artery arises from the areh of the aorta 
in the thorax. It aseends to the root of the neek and then 
arehes laterally in a manner similar to that of the right sub- 
elavian artery (Fig. 11.57). 

The sealenns anterior muscle passes anterior to the 
artery on eaeh side and divides it into three parts. 

First Part of the Subclavian Artery 

The first part of the snbelavian artery extends from 
the origin of the snbelavian artery to the medial border of 
the sealenns anterior muscle (Fig. 11.57). This part gives 
off the vertebral artery, the thyroeervieal trunk, and the 
internal thoraeie artery. 

Branehes The vertebral artery aseends in the neek 
throngh the foramina in the transverse proeesses of the 
upper six eervieal vertebrae (Fig. 11.57). It passes medi- 
ally above the posterior areh of the atlas and then aseends 
throngh the foramen magnum into the skull. On reaehing 
the anterior snrfaee of the mednlla oblongata of the brain 
at the level of the lower border of the pons, it joins the ves- 
sel of the opposite side to form the basilar artery. 

The basilar artery (Fig. 11.15) aseends in a groove on 
the anterior snrfaee of the pons. It gives off branehes to the 
pons, the eerebellnm, and the internal ear. It finally divides 
into the two posterior eerebral arteries. 

On eaeh side, the posterior eerebral artery (Fig. 11.15) 
curves laterally and backward around the midbrain. Gorti- 
eal branehes supply the inferolateral snrfaees of the tempo- 
ral lobe and the visual cortex on the lateral and the medial 
snrfaees of the oeeipital lobe. 

Branebes in tbe neek: Spinal and muscular arteries 
Branebes in tbe sknll: Meningeal, anterior and posterior 
spinal, posterior inferior eerebellar, mednllary arteries 
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The thyroeervieal trunk is a short trunk that gives off three 
terminal branehes (Fig. 11.57). 

The inferior thyroid artery aseends to the posterior sur- 
faee of the thyroid gland, where it is elosely related to the 
reenrrent laryngeal nerve. It snpplies the thyroid and the 
inferior parathyroid glands. 

The superficial eervieal artery is a small braneh that 
erosses the braehial plexus (Fig. 11.57). 

The suprascapular artery runs laterally over the bra- 
ehial plexus and follows the suprascapular nerve onto the 
baek of the seapnla (Fig. 11.57). 

The internal thoraeie artery deseends into the thorax 
behind the Ist eostal eartilage and in front of the pleura 
(Fig. 11.57). It deseends vertieally one fingerbreadth lateral 
to the sternnm; in the 6th intereostal spaee, it divides into 
the snperior epigastrie and the musculophrenic arteries. 

Seeond Part of the Subclavian Artery 

The seeond part of the snbelavian artery lies behind the 
sealenns anterior muscle (Fig. 11.57). 

Branehes The eostoeervieal trunk runs backward over the 
dome of the pleura and divides into the snperior intereos- 
tal artery, which snpplies the Ist and the 2nd intereostal 
spaees, and the deep eervieal artery, which snpplies the 
deep mnseles of the neek. 

Third Part of the Subclavian Artery 

The third part of the snbelavian artery extends from the 
lateral border of the sealenns anterior muscle (Fig. 11.57) 
aeross the posterior triangle of the neek to the lateral bor- 
der of the Ist rib, where it beeomes the axillary artery. Here, 
in the root of the neek, it is elosely related to the nerves of 
the braehial plexus. 

Branehes The third part of the subclavian artery usually 
has no branehes. Oeeasionally, however, the snperfieial eer- 
vieal arteries, the suprascapular arteries, or both arise from 
this part. 
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Palpatìon and eompressìon of the Snbelavìan 
Artery ìn Patìents wìth Upper Limb Hemorrhage 

In severe traumatic aeeidents to the upper limb involving lae- 
eration of the braehial or axillary arteries, it is important to 
remember that the hemorrhage ean be stopped by exerting 
strong pressure dovvnvvard and baekvvard on the third part of 
the subclavian artery. The use of a blunt objeet to exert the 
pressure is of great help, and the artery is eompressed against 
the upper surface of the Ist rib. 

V__ J 

Veins of the Head and Neek 

The veins of the head and neek may be divided into 

■ The veins of the brain, venous sinuses, diploie veins, and 
emissary veins 

■ The veins of the sealp, faee, and neek 


Veins of the Brain 

The veins of the brain are thin walled and have no valves. 
They eonsist of the eerebral veins, the eerebellar veins, 
and the veins of the brainstem, all of which drain into the 
neighboring venous sinuses. 

Venous Sinuses 

The venous sinuses are situated between the periosteal and 
the meningeal layer of the dura mater (Fig. 11.37A; see also 
page 544). They have thiek, fibrous walls, but they possess 
no valves. They reeeive tribntaries from the brain, the skull 
bones, the orbit, and the internal ear. The venous sinuses 
include the superior and inferior sagittal sinnses, the 
straight sinus, the transverse sinnses, the sigmoid sinnses, 
the oeeipital sinus, the cavernous sinuses, and the snperior 
and inferior petrosal sinnses (Fig. 11.9). All these sinnses 
are deseribed on page 544. 

DiploieVeins 

The diploie veins occupy ehannels within the bones of the 
vault of the skull (Fig. 11.9). 

Emissary Veins 

The emissary veins are valveless veins that pass throngh the 
skull bones (Fig. 11.9). They eonneet the veins of the sealp 
to the venous sinuses (and are an important route for the 
spread of infeetion). 

Veins of the Faee and the Neek 

Faeìal Veìn 

The faeial vein is formed at the medial angle of the eye by 
the union of the snpraorbital and supratrochlear veins 
(Fig. 11.39). It is eonneeted throngh the ophthalmie veins 
with the eavernons sinus. The faeial vein deseends down 
the faee with the faeial artery and passes around the lateral 
side of the mouth. It then erosses the mandible, is joined 
by the anterior division of the retromandibnlar vein, and 
drains into the internal jugular vein. 

Superficial Temporal Vein 

The snperfieial temporal vein is formed on the side of the 
sealp (Fig. 11.39). It follows the snperfieial temporal artery 
and the auriculotemporal nerve and then enters the parotid 
salivary gland, where it joins the maxillary vein to form the 
retromandibnlar vein. 

Maxillary Vein 

The maxillary vein is formed in the infratemporal fossa 
from the pterygoid venous plexus (Fig. 11.39). The max- 
illary vein joins the snperfieial temporal vein to form the 
retromandibnlar vein. 

RetromandibularVein 

The retromandibnlar vein is formed by the union of the 
snperfieial temporal and the maxillary veins (Fig. 11.39). 
On leaving the parotid salivary gland, it divides into an 
anterior braneh, which joins the faeial vein, and a posterior 
braneh, which joins the posterior auricular vein to form the 
external jugular vein. 
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Extemal JugularVein 

The external jngnlar vein is formed behind the angle of the 
jaw by the nnion of the posterior anrienlar vein with the 
posterior division of the retromandibnlar vein (Fig. 11.39). 
It deseends aeross the sternoeleidomastoid mnsele and 
beneath the platysma mnsele, and it drains into the snbela- 
vian vein behind the middle of the elaviele. 

Tributaries 

Posterior external jngnlar vein from the baek of the sealp 
Transverse eervieal vein from the skin and the faseia over 
the posterior triangle 

Snpraseapnlar vein from the baek of the seapnla 
Anterior jngnlar vein 

Anterior Jugular Vein 

The anterior jngnlar vein deseends in the front of the neek 
elose to the midline (Fig. 11.39). Just above the sternum, it 
is joined to the opposite vein by the jugular areh. The ante- 
rior jugular vein joins the external jugular vein deep to the 
sternoeleidomastoid muscle. 

Internal JugularVein 

The internal jugular vein is a large vein that reeeives blood 
from the brain, faee, and neek (Fig. 11.39). It starts as a eon- 
tinnation of the sigmoid sinus and leaves the skull through 
the jugular foramen. It then deseends throngh the neek in 
the earotid sheath lateral to the vagus nerve and the internal 
and eommon earotid arteries. It ends by joining the subcla- 
vian vein behind the medial end of the elaviele to form the 
braehioeephalie vein (Figs. 11.39 and 11.57). Throughout its 
course, it is elosely related to the deep eervieal lymph nodes. 

The vein has a dilatation at its upper end ealled the supe- 
rior bulb and another near its termination ealled the infe- 
rior bulb. Direetly above the inferior bulb is a bicuspid valve. 

Relations of the Internal JugularVein 

■ Anterolaterally: The skin, the faseia, the sternoeleid- 
omastoid, and the parotid salivary gland. Its lower 


part is eovered by the sternothyroid, sternohyoid, and 
omohyoid mnseles, which intervene between the vein 
and the sternoeleidomastoid (Fig. 11.55). Higher up, it 
is erossed by the stylohyoid, the posterior belly of the 
digastrie, and the spinal part of the aeeessory nerve. 
The ehain of deep eervieal lymph nodes runs alongside 
the vein. 

■ Posteriorly: The transverse proeesses of the eer- 
vieal vertebrae, the levator seapnlae, the sealenns 
medius, the scalenus anterior, the eervieal plexus, 
the phrenie nerve, the thyroeervieal trunk, the verte- 
bral vein, and the first part of the snbelavian artery 
(Fig. 11.57). On the left side, it passes in front of the 
thoraeie duct. 

■ Medially: Above lie the internal earotid artery and the 
9th, lOth, llth, and 12th eranial nerves. Below lie the 
eommon earotid artery and the vagus nerve. 

Tributaries of the Internal JugularVein 

■ Inferior petrosal sinus (Fig. 11.30) 

■ Faeialvein (Fig. 11.39) 

■ Pbaryngeal veins 

■ Lingnal vein 

■ Snperior tbyroid vein (Fig. 11.55) 

■ Middle tbyroid vein (Fig. 11.110) 

Subclavian Vein 

The snbelavian vein is a eontinnation of the axillary vein 
at the outer border of the Ist rib (Fig. 11.57). It joins the 
internal jugular vein to form the braehioeephalie vein, and 
it reeeives the external jugular vein. In addition, it often 
reeeives the thoraeie duct on the left side and the right lym- 
phatie duct on the right. 

Relations 

■ Anteriorly: The elaviele 

■ Posteriorly: The sealenns anterior muscle and the 
phrenie nerve 

■ Inferiorly: The upper surface of the Ist rib 



Penetratìng Wounds of the Internal Jugular Veìn 

The hemorrhage of low-pressure venous blood into the loose 
eonneetive tissue beneath the investing layer of deep eervieal 
faseia may present as a large, slowly expanding hematoma. Air 
embolism is a serious eomplieation of a laeerated wall of the 
internal jugular vein. Because the wall of this large vein eon- 
tains little smooth muscle, its injury is not followed by eontrae- 
tion and retraetion (as occurs with arterial injuries). Moreover, 
the adventitia of the vein wall is attaehed to the deep faseia of 
the earotid sheath, which hinders the eollapse of the vein. Blind 
elamping of the vein is prohibited because the vagus and hypo- 
glossal nerves are in the vieinity. 

Internal Jugular Vein Catheterízation 

The internal jugular vein is remarkably eonstant in position. 
It deseends through the neek from a point halfway between 


the tip of the mastoid proeess and the angle of the jaw to the 
sternoclavicular joint. Above, it is overlapped by the anterior 
border of the sternoeleidomastoid muscle, and below, it is eov- 
ered laterally by this muscle. Just above the sternoclavicular 
joint, the vein lies beneath a skin depression between the ster- 
nal and clavicular heads of the sternoeleidomastoid muscle. In 
the posterior approaeh, the tip of the needle and the eatheter 
are introduced into the vein about two fingerbreadths above 
the elaviele at the posterior border of the sternoeleidomastoid 
muscle (Fig. 11.61). In the anterior approaeh, with the patient's 
head turned to the opposite side, the triangle formed by the 
sternal and clavicular heads of the sternoeleidomastoid muscle 
and the medial end of the elaviele are identified. A shallow skin 
depression usually overlies the triangle. The needle and eath- 
eter are inserted into the vein at the apex of the triangle in a 
caudal direetion (Fig. 11.61). 
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FIGURE 11.61 Gatheterization of the right internal jugular vein. A. Posterior approaeh. Note the position of the eatheter relative 
to the sternoeleidomastoid muscle and the eommon earotid artery. B. Anterior approaeh. Note that the eatheter is inserted 
into the vein elose to the apex of the triangle formed by the sternal and clavicular heads of the sternoeleidomastoid muscle 
and the elaviele. 



Subclavian Veín Thrombosis 

Spontaneous thrombosis of the subclavian and/or axillary 
veins oeeasionally occurs after excessive and unaccustomed 
use of the arm at the shoulder joint. The elose relationship of 
these veins to the Ist rib and the elaviele and the possibility of 
repeated minor trauma from these structures are probably fae- 
tors in its development. 

Seeondary thrombosis of subclavian and/or axillary veins is a 
eommon eomplieation of an indvvelling venous eatheter. Rarely, 
the eondition may follovv a radieal masteetomy vvith a bloek dis- 
seetion of the lymph nodes of the axilla. Persistent pain, heavi- 
ness, or edema of the upper limb, espeeially after exercise, is a 
eomplieation of this eondition. 

Anatomy of Subclavian Vein Gatheterization 

The subclavian vein is loeated in the lovver anterior eorner of the 
posterior triangle of the neek (Fig. 11.62), vvhere it lies immedi- 
ately posterior to the medial third of the elaviele. 




infraelavienlar Approaeh 

Sinee the subclavian vein lies elose to the undersurface of the 
medial third of the elaviele (Fig. 11.62), this is a relatively safe site 
for eatheterization. The vein is slightly more medially plaeed on 
the left side than on the right side. 

Anatomy of Proeednre 

The needle should be inserted through the skin just belovv the 
lovver border of the elaviele at the junction of the medial third 
and outer tvvo thirds, eoineiding vvith the posterior border of the 
origin of the clavicular head of the sternoeleidomastoid mus- 
ele on the upper border of the elaviele (Fig. 11.62). The needle 
pierees the follovving structures: 

■ Skin 

■ Superficial faseia 

■ Peetoralis major muscle (clavicular head) 

■ eiavipeetoral faseia and subclavius muscle 

■ Wall of subclavian vein 


(eontinaedj 
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The needle is pointed upward and posteriorly toward the middle 
of the suprasternal noteh. 

Anatomy of Problems 

■ Hitting the elaviele: The needle may be "walked" along the 
lowersurface ofthe elaviele until its posterior edge is reaehed. 

■ Hitting the Ist rib: The needle may hitthe Ist rib, if the needle 
is pointed downward and not upward. 

■ Hitting the snbelavian artery: A pulsatile resistanee and 
bright red blood flow indieate that the needle has passed 
posteriorto the scalenus anterior muscle and perforated the 
subclavian artery. 

Anatomy of Complications 

Referto Figure 11.62. 

■ Pneumothorax: The needle may pieree the eervieal dome of 
the pleura, permitting airto enterthe pleural eavity. This eom- 
plieation is more eommon in ehildren, in whom the pleural 
refleetion is higherthan in adults. 

■ Hemothorax: The eatheter may pieree the posterior wall of 
the subclavian vein and the pleura. 

■ Subclavian artery puncture: The needle pierees the wall of 
the artery during its insertion. 

■ Internal thoraeie artery injury: Hemorrhage may occur into 
the superior mediastinum. 

■ Diaphragmatie paralysis: This occurs when the needle 
damagesthe phrenie nerve. 

The Procedure in Ghildren 

The needle pierees the skin in the deltopeetoral groove about 2 
em from the elaviele. The eatheter is tunneled beneath the skin 
to enterthe subclavian vein atthe point where the elaviele and 
the first rib eross. The more oblique approaeh in ehildren mini- 
mizes the possibility of entering the subclavian artery. 

Supraclavicular Approaeh 

This approaeh (Fig. 11.62) is preferred by many for the following 
anatomie reasons. 

■ The site of penetration of the vein wall is larger, sinee it lies 
at the junction of the internal jugular vein and the subclavian 
vein, which makesthe procedure easier. 

V___ 

Lymph Drainage of the Head and Neek 

The lymph nodes of the head and neek (Fig. 11.40) are 

arranged as a regional coUar that extends from below the ehin 

to the baek of the head and as a deep vertieal terminal gronp 

that is embedded in the earotid sheath in the neek (Fig. 11.55). 

Regional Nodes 

The regional nodes are arranged as follows: 

■ Oeeipital nodes: These are sitnated over the oeeipital 
bone on the baek of the sknll. They reeeive lymph from 
the baek of the sealp. 

■ Retroanrienlar (mastoid) nodes: These lie behind the 
ear over the mastoid proeess. They reeeive lymph from 
the sealp above the ear, the anriele, and the external 
anditory meatns. 


■ The needle is pointed downward and medially toward the 
mediastinum, away from the pleura, avoiding the eompliea- 
tion of pneumothorax. 

■ The eatheter is inserted along a more direet course into the 
braehioeephalie vein and superior vena eava. 

Anatomy of the Procedure 

With the patient in the Trendelenburg position (patient supine 
with head tilted downward) or simple supine position and the 
head turned to the opposite side, the posterior border of the 
clavicular origin of sternoeleidomastoid muscle is palpated (Fig. 
11.62). The needle is inserted through the skin atthe site where 
the posterior border of the clavicular origin of sternoeleidomas- 
toid is attaehed to the upper border of the elaviele. At this point, 
the needle lies lateral to the lateral border of scalenus anterior 
muscle and above the Ist rib. The needle pierees the following 
structures (Fig. 11.62): 

■ Skin 

■ Superficial faseia and platysma 

■ Investing layer of deep eervieal faseia 

■ Wall of the subclavian vein 

The needle is direeted downward in the direetion of the opposite 
nipple. The needle enters the junction of the internal jugular vein 
and the subclavian vein. It is importantthatthe operator under- 
stands that the pleura is not being penetrated and that it is pos- 
sible for the needle to lie in a zone between the ehest wall and 
the eervieal dome of the parietal pleura but outside the pleural 
spaee (eavity). 

Anatomie Complications 

The following eomplieations may occur as the result of damage 
to neighboring anatomie structures (Fig. 11.62): 

■ Paralysis of the diaphragm: This is caused by injury to the 
phrenie nerve as it deseends posterior to the internal jugular 
vein on the surface of the scalenus anterior muscle. 

■ Pneumothorax or hemothorax: This is caused by damage to 
the pleura and/or internal thoraeie artery by the needle pass- 
ing posteriorly and downward. 

■ Braehial plexus injury: This is caused by the needle passing 
posteriorly into the roots or trunks of the plexus. 

_ ) 

■ Parotid nodes: These are situated on or within the 
parotid salivary gland. They reeeive lymph from the 
sealp above the parotid gland, the eyelids, the parotid 
gland, the auricle, and the external anditory meatus. 

■ Bneeal (faeial) nodes: One or two nodes lie in the eheek 
over the bneeinator muscle. They drain lymph that ulti- 
mately passes into the submandibular nodes. 

■ Snbmandibnlar nodes: These lie snperfieial to the sub- 
mandibular salivary gland just below the lower margin 
of the jaw. They reeeive lymph from the front of the 
sealp; the nose; the eheek; the upper lip and the lower 
lip (except the eentral part); the frontal, maxillary, and 
ethmoid sinnses; the upper and lower teeth (except the 
lower ineisors); the anterior two thirds of the tongue 
(except the tip); the fioor of the mouth and vestibnle; 
and the gums. 
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FIGURE 11.62 Subclavian vein eatheterization. A. Infraclavicular approaeh. Note the many important anatomie structures 
loeated in this region. B. Supraclavicular approaeh.The eatheter enters the subclavian vein elose to its junction vvith the 
internal jugular vein to form the braehioeephalie vein. 


■ Submental nodes: These lie in the snbmental triangle 
just below the ehin. They drain lymph from the tip of 
the tongue, the floor of the anterior part of the mouth, 
the ineisor teeth, the eenter part of the lower lip, and the 
skin over the ehin. 

■ Anterior eervieal nodes: These lie along the course of 
the anterior jugular veins in the front of the neek. They 
reeeive lymph from the skin and snperfleial tissnes of the 
front of the neek. 

■ Superficial eervieal nodes: These lie along the course of 
the external jugular vein on the side of the neek. They 
drain lymph from the skin over the angle of the jaw, the 
skin over the lower part of the parotid gland, and the 
lobe of the ear. 

■ Retropharyngeal nodes: These lie behind the phar- 
ynx and in front of the vertebral column. They reeeive 
lymph from the nasal pharynx, the anditory tube, and 
the vertebral column. 


■ Laryngeal nodes: These lie in front of the larynx. They 
reeeive lymph from the larynx. 

■ Traeheal (paratraeheal) nodes: These lie alongside the 
traehea. They reeeive lymph from neighboring struc- 
tures, including the thyroid gland. 

Deep eervieal Nodes 

The deep eervieal nodes form a vertieal ehain along the 
course of the internal jugular vein within the earotid sheath 
(Fig. 11.49). They reeeive lymph from all the groups of 
regional nodes. The jugulodigastric node, which is loeated 
below and behind the angle of the jaw, is mainly eoneerned 
with drainage of the tonsil and the tongue. The jugulo- 
omohyoid node, which is situated elose to the omohyoid 
muscle, is mainly assoeiated with drainage of the tongue. 

The efferent lymph vessels from the deep eervieal lymph 
nodes join to form the jugular trunk, which drains into the 
thoraeie duct or the right lymphatie duct (Fig. 11.40). 
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eiìnìeal Signìfieanee of the Gervieal Lymph Nodes 

Knovvledge of the lymph drainage of an organ or region is of 
great elinieal importanee. Examination of a patient may reveal 
an enlarged lymph node. It is the physieian's responsibility to 
determine the cause and be knovvledgeable about the area 
of the body that drains its lymph into a particular node. For 
example, an enlarged submandibular node ean be caused by a 
pathologie eondition in the sealp, the faee, the maxillary sinus, 
or the tongue. An infeeted tooth of the upper or lovver javv may 
be responsible. Often, a physieian has to seareh systemati- 
eally the various areas knovvn to drain into a node to diseover 
the cause. 


Examinatìon of the Deep Cervícal Lymph Nodes 

Lymph nodes in the neek should be examined from behind the 
patient. The examination is made easier by asking the patientto 
flex the neek slightly to reduce the tension of the muscles. The 
groups of nodes should be examined in a definite orderto avoid 
omitting any. 

After the identifieation of enlarged lymph nodes, pos- 
sible sites of infeetion or neoplastie grovvth should be exam- 
ined, including the faee, sealp, tongue, mouth, tonsil, and 
pharynx. 


Carcìnoma Metastases ìn the Deep Cervìcal Lymph 
Node 

In the head and neek, all the lymph ultimately drains into the 
deep eervieal group of nodes. Seeondary carcinomatous depos- 
its in these nodes are eommon. The primary grovvth may be easy 
to find. On the other hand, at eertain anatomie sites, the primary 
grovvth may be small and overlooked, for example, in the larynx, 
the pharynx, the eervieal part of the esophagus, and the external 
auditory meatus. The bronehi, breast, and stomaeh are some- 
times the site of the primary tumor. In these eases, the seeond- 
ary grovvth has spread far beyond the loeal lymph nodes. 

When eervieal metastases occur, the surgeon usually 
deeides to perform a bloek disseetion of the eervieal nodes. This 
procedure involves the removal en bloe of the internal jugular 
vein, the faseia, the lymph nodes, and the submandibular sali- 
vary gland. The aim of the operation is removal of all the lymph 
tissues on the affeeted side of the neek. The earotid arteries 
and the vagus nerve are carefully preserved. It is often neees- 
sary to saerifiee the hypoglossal and vagus nerves, vvhieh may 
be involved in the cancerous deposits. In patients vvith bilateral 
spread, a bilateral bloek disseetion may be neeessary. An inter- 
val of 3 to 4 vveeks is neeessary before removing the seeond 
internal jugular vein. 


Granial Nerves 

Organization of the Granial Nerves 

The eranial nerves are named as follows: 

1. Olfaetory 

11. Optie 

IIL Oenlomotor 

IV. Troehlear 

V. Trigeminal 

VI. Abdneent 

VII. Faeial 

VIII. Vestibnloeoehlear 

IX. Glossopharyngeal 

X. Vagns 

XI. Aeeessory 

XII. Hypoglossal 

The olfaetory, optie, and vestibnloeoehlear nerves are 
entirely sensory; the oenlomotor, troehlear, abdneent, 
aeeessory, and hypoglossal nerves are entirely motor; and 
the remaining nerves are mixed. The different eomponents 
of the eranial nerves, their fnnetions, and the openings in 
the sknll throngh which the nerves leave the eranial eavity 
are snmmarized in Table 11.6. 

Olfaetory Nerves 

The olfaetory nerves arise from olfaetory reeeptor nerve 
eells in the olfaetory mneons membrane. The olfaetory 
mneons membrane is sitnated in the npper part of the nasal 
eavity above the level of the snperior eoneha (Fig. 11.63). 


Bnndles of these olfaetory nerve fibers pass throngh the 
openings of the eribriform plate of the ethmoid bone to 
enter the olfaetory bulb in the eranial eavity. The olfaetory 
bulb is eonneeted to the olfaetory area of the eerebral cortex 

by the olfaetory traet. 

Optie Nerve 

The optie nerve is eomposed of the axons of the eells of the 
ganglionie layer of the retina. The optie nerve emerges from 
the baek of the eyeball and leaves the orbital eavity through 
the optie eanal to enter the eranial eavity (Fig. 11.11). The 
optie nerve then unites with the optie nerve of the opposite 
side to form the optie ehiasma (Fig. 11.63). 

In the ehiasma, the fibers from the medial half of eaeh 
retina eross the midline and enter the optie traet of the 
opposite side, whereas the fibers from the lateral half of 
eaeh retina pass posteriorly in the optie traet of the same 
side. Most of the fibers of the optie traet terminate by syn- 
apsing with nerve eells in the lateral geniculate body (Fig. 
11.63). A few fibers pass to the preteetal nucleus and the 
snperior colliculus and are eoneerned with light refiexes. 

The axons of the nerve eells of the lateral genienlate 
body pass posteriorly as the optie radiation and terminate 
in the visual cortex of the eerebral hemisphere (Fig. 11.63). 

Oculomotor Nerve 

The oenlomotor nerve emerges on the anterior snrfaee of 
the midbrain (Fig. 11.64). It passes forward between the pos- 
terior eerebral and snperior eerebellar arteries (Fig. 11.11). 
It then eontinnes into the middle eranial fossa in the lateral 
wall of the eavernons sinus. Here, it divides into a superior 
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TABLE 11 .6 J 

Granial Nerves 



Nerve 

eomponents 

Fnnetion 

Opening in Sknll 

1. Olfaetory 

Sensory 

Smell 

Openings in eribriform plate of 
ethmoid 

II. Optie 

Sensory 

Vision 

Optie eanal 

III. Oeolomotor 

Motor 

Lifts upper eyelid, turns eyeball upward, 
downward, and medially; eonstriets pupil; 
aeeommodates eye 

Superior orbital fissure 

IV. Troehlear 

Motor 

Assists in turning eyeball downward and 
laterally 

Superior orbital fissure 

V. Trigeminal 




Ophthalmie division 

Sensory 

Gornea, skin of forehead, sealp, eyelids, and 
nose; also mucous membrane of paranasal 
sinuses and nasal eavity 

Superior orbital 
fissure 

Maxillary 

division 

Sensory 

Skin of faee over maxilla and the upper lip; 
teeth of upper jaw; mucous membrane of 
nose, the maxillary air sinus, and palate 

Foramen rotundum 

Mandibolar 

division 

Motor 

Muscles of mastieation, mylohyoid, anterior 
belly of digastrie, tensor veli palatini, and 
tensor tympani 

Foramen ovale 


Sensory 

Skin of eheek, skin over mandible, lower lip, 
and side of head; teeth of lower jaw and 
temporomandibular joint; mucous mem- 
brane of mouth and anterior two thirds of 
tongue 


VI. Abdoeent 

Motor 

Lateral rectus muscle: turns eyeball laterally 

Superior orbital fissure 

VII.Faeial 

Motor 

Muscles of faee, eheek, and sealp; stapedius 
muscle of middle ear; stylohyoid; and poste- 
rior belly of digastrie 

Internal acoustic meatus, faeial 
eanal, stylomastoid foramen 


Sensory 

Taste from anterior two thirds of tongue, floor 
of mouth, and palate 



Seeretomotor 

parasympathetie 

Submandibular and sublingual salivary glands, 
laerimal gland, and glands of nose and 
palate 


VIII. Vestiboloeoehlear 




Vestibolar 

Sensory 

Position and movement of head 

Internal acoustic meatus 

Goehlear 

Sensory 

Hearing 


IX. Glossopharyngeal 

Motor 

Stylopharyngeus muscle: assists swallowing 



Seeretomotor 

parasympathetie 

Parotid salivary gland 

Jugular foramen 


Sensory 

General sensation and taste from posterior 
third of tongue and pharynx; earotid sinus 
and earotid body 
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TABLE 11. 

M eranial Nerves (continued) 

W 



Nerve 

eomponents 

Fnnetion 

Opening in Sknll 


X. Vagus 

Motor 

Gonstrietor muscles of pharynx and intrinsie 
muscles of larynx; involuntary muscle of 
traehea and bronehi, heart, alimentary traet 
from pharynxto splenie flexure of eolon; 
liver and panereas 

Jugular foramen 



Sensory 

Taste from epiglottis and vallecula and afferent 
fibers from structures named above 



XI. Aeeessory 





Granial root 

Motor 

Muscles of soft palate, pharynx, and larynx 

Jugular foramen 


Spinal root 

Motor 

Sternoeleidomastoid and trapezius muscles 



XII. Hypoglossal 

Motor 

Muscles of tongue eontrolling its shape and 
movement (except palatoglossus) 

Hypoglossal eanal 



olfaetory bulb olfaetory bulb 



FIGURE 11.63 A. Distribution of the olfaetory nerves on the 
nasal septyrn and the lateral wall of the nose. B.The optie 
nerve and its eonneetions. 


and an inferior ramns, which enter the orbital eavity 
throngh the snperior orbital fissnre (Fig. 11.18). 

The oenlomotor nerve snpplies the following: 

■ The extrinsic mnseles of the eye: the levator palpebrae 
snperioris, snperior reetns, medial reetns, inferior ree- 
tus, and inferior oblique (Fig. 11.64; see also Figs. 11.18 
and 11.19) 

■ The intrinsie mnseles of the eye: The eonstrietor pupil- 
lae of the iris and the eiliary mnseles are snpplied by the 
parasympathetie eomponent of the oenlomotor nerve. 
These fibers synapse in the eiliary ganglion and reaeh 
the eyeball in the short eiliary nerves (Fig. 11.19). 

The oenlomotor nerve, therefore, is entirely motor. It is 
responsible for lifting the upper eyelid; turning the eye 
upward, downward, and medially; eonstrieting the pupil; 
and aeeommodation of the eye. 

Troehlear Nerve 

The troehlear nerve is the most slender of the eranial 
nerves. Having erossed the nerve of the opposite side, it 
leaves the posterior snrfaee of the midbrain (Fig. 11.64). 
It then passes forward throngh the middle eranial fossa in 
the lateral wall of the eavernons sinus and enters the orbit 
throngh the snperior orbital fissnre (Figs. 11.11 and 11.18). 
The troehlear nerve snpplies: 

The snperior oblique muscle of the eyeball (extrinsic 
muscle) (Fig. 11.20) 

The troehlear nerve is entirely motor and assists in tnrning 
the eye downward and laterally. 

Trigeminal Nerve 

The trigeminal nerve is the largest eranial nerve (Fig. 11.65). 
It leaves the anterior aspeet of the pons as a small motor 
root and a large sensory root, and it passes forward, out of 
the posterior eranial fossa, to reaeh the apex of the petrons 
part of the temporal bone in the middle eranial fossa. Here, 
the large sensory root expands to form the trigeminal 
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FIGURE 11.64 A. Orig in and distribution of the oeylomotor nerve. B. Origin and distribution of the troehlear nerve. 


ganglion (Figs. 11.11 and 11.65). The trigeminal ganglion 
lies within a poneh of dura mater ealled the trigeminal 
eave. The motor root of the trigeminal nerve is situated 
below the sensory ganglion and is eompletely separate from 
it. The ophthalmie (VI), maxillary (V2), and mandibnlar 
(V3) nerves arise from the anterior border of the ganglion 
(Figs. 11.11 and 11.65). 

Ophthalmie Nerve (V1) 

The ophthalmie nerve is purely sensory (Figs. 11.65 and 
11.50). It runs forward in the lateral wall of the eavern- 
ous sinus in the middle eranial fossa and divides into three 
branehes, the laerimal, frontal, and nasoeiliary nerves, which 
enter the orbital eavity throngh the snperior orbital fissnre. 

Branehes 

The laerimal nerve runs forward on the upper border of 
the lateral rectus muscle (Fig. 11.18). It is joined by the 
zygomatieotemporal braneh of the maxillary nerve, which 
eontains the parasympathetie seeretomotor fibers to the 
laerimal gland. The laerimal nerve then enters the laerimal 
gland and gives branehes to the eonjnnetiva and the skin of 
the upper eyelid. 

The frontal nerve runs forward on the upper surface of 
the levator palpebrae superioris muscle and divides into 
the snpraorbital and snpratroehlear nerves (Fig. 11.20). 
These nerves leave the orbital eavity and supply the frontal 
air sinus and the skin of the forehead and the sealp. 


The nasoeiliary nerve erosses the optie nerve, runs 
forward on the upper border of the medial rectus muscle 
(Fig. 11.20), and eontinnes as the anterior ethmoid nerve 
throngh the anterior ethmoidal foramen to enter the era- 
nial eavity. It then deseends throngh a slit at the side of the 
erista galli to enter the nasal eavity. It gives off two internal 
nasal branehes and it then snpplies the skin of the tip of 
the nose with the external nasal nerve. Its branehes inelnde 
the following: 

■ Sensory fibers to the eiliary ganglion (Fig. 11.20) 

■ Long eiliary nerves that eontain sympathetie fibers to 
the dilator pnpillae muscle and sensory fibers to the eor- 
nea (Fig. 11.20) 

■ infratroehlear nerve that snpplies the skin of the eyelids 

■ Posterior ethmoidal nerve that is sensory to the 
ethmoid and sphenoid sinnses 

Maxillary Nerve (V2) 

The maxillary nerve arises from the trigeminal ganglion in 
the middle eranial fossa. It passes forward in the lateral wall 
of the eavernons sinus and leaves the skull through the fora- 
men rotundum (Fig. 11.11) and erosses the pterygopalatine 
fossa to enter the orbit throngh the inferior orbital fissnre 
(Fig. 11.19). It then eontinnes as the infraorbital nerve in 
the infraorbital groove, and it emerges on the faee throngh 
the infraorbital foramen. It gives sensory fibers to the skin 
of the faee and the side of the nose. 





















Basie Anatomy 609 


trigeminal ganglion 


ophthalmie division 


trigeminal nerve 


auriculotemporal 


nerve 


mandibular 

division 


frontal nerve 


laerimal nerve 


inferior alveolar 


nerve 


A 


lingual nerve 


nasoeiliary nerve 



maxillary nerve 


infraorbital nerve 


superior 

alveolar 


nerves 


lingual nerve 


mylohyoid nerve 


inferior alveolar 


nerve 


B 



medulla oblongata 


FIGURE 11.65 A. Distribution of the trigenninal nerve. B. Origin and distribution of the abducent nerve. 
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Branehes 

■ Meningeal branehes 

■ Zygomatie braneh (Fig. 11.19), which divides into the 
zygomatieotemporal and the zygomatieofaeial nerves 
that snpply the skin of the faee. The zygomatieotempo- 
ral braneh gives parasympathetie seeretomotor fibers to 
the laerimal gland via the laerimal nerve. 

■ Ganglionie branehes, which are two short nerves that 
snspend the pterygopalatine ganglion in the pterygo- 
palatine fossa (Fig. 11.19). They eontain sensory fibers 
that have passed throngh the ganglion from the nose, 
the palate, and the pharynx. They also eontain postgan- 
glionie parasympathetie fibers that are going to the lae- 
rimal gland. 

■ Posterior snperior alveolar nerve (Fig. 11.19), which 
snpplies the maxillary sinns as well as the npper molar 
teeth and adjoining parts of the gum and the eheek 

■ Middle snperior alveolar nerve (Fig. 11.19), which sup- 
plies the maxillary sinus as well as the upper premolar 
teeth, the gums, and the eheek 

■ Anterior snperior alveolar nerve (Fig. 11.19), which 
snpplies the maxillary sinus as well as the upper eanine 
and the ineisor teeth 

Pterygopalatine Ganglion 

The pterygopalatine ganglion is a parasympathetie gan- 
glion, which is snspended from the maxillary nerve in the 
pterygopalatine fossa (Fig. 11.19). It is seeretomotor to the 
laerimal and nasal glands (see page 551). 

Branehes 

■ Orbital branehes, which enter the orbit throngh the 
inferior orbital fissnre 

■ Greater and lesser palatine nerves (Fig. 11.19), which 
supply the palate, the tonsil, and the nasal eavity 

■ Pharyngeal braneh, which snpplies the roof of the 
nasopharynx 

Mandibular Nerve (V3) 

The mandibnlar nerve is both motor and sensory (Figs. 
11.11 and 11.65). The sensory root leaves the trigeminal 
ganglion and passes out of the skull through the foramen 
ovale to enter the infratemporal fossa. The motor root of 
the trigeminal nerve also leaves the skull through the fora- 
men ovale and joins the sensory root to form the trunk of 
the mandibnlar nerve, and then divides into a small ante- 
rior and a large posterior division (Fig. 11.66). 

Branehes fronn the MainTrunk of the Mandibular 
Nerve 

■ Meningeal braneh 

■ Nerve to the medial pterygoid mnsele, which snpplies 
not only the medial pterygoid, but also the tensor veli 
palatini muscle. 

Branehes fronn the Anterior Division of the 
Mandibular Nerve 

■ Masseterie nerve to the masseter muscle (Fig. 11.36) 

■ Deep temporal nerves to the temporalis muscle 
(Fig. 11.36) 

■ Nerve to the lateral pterygoid mnsele 


■ Bneeal nerve to the skin and the mucous membrane of 
the eheek (Fig. 11.36). The buccal nerve does not snpply 
the bneeinator mnsele (which is snpplied by the faeial 
nerve), and it is the only sensory braneh of the anterior 
division of the mandibnlar nerve. 

Branehes fronn the Posterior Division of the 
Mandibular Nerve 

■ Anrienlotemporal nerve, which snpplies the skin of the 
anriele (Fig. 11.66), the external anditory meatus, the 
temporomandibular joint, and the sealp. This nerve also 
eonveys postganglionie parasympathetie seeretomo- 
tor fibers from the otie ganglion to the parotid salivary 
gland. 

■ Lingnal nerve, which deseends in front of the inferior 
alveolar nerve and enters the mouth (Figs. 11.36 and 

11.66) . It then runs forward on the side of the tongue 
and erosses the submandibular duct. In its course, it is 
joined by the ehorda tympani nerve (Figs. 11.36 and 

11.66) , and it snpplies the mucous membrane of the 
anterior two thirds of the tongue and the fioor of the 
mouth. It also gives off preganglionie parasympathetie 
seeretomotor fibers to the submandibular ganglion. 

■ Inferior alveolar nerve (Figs. 11.36 and 11.66), which 
enters the mandibnlar eanal to supply the teeth of the 
lower jaw and emerges throngh the mental foramen 
(mental nerve) to supply the skin of the ehin (Fig. 
11.50). Before entering the eanal, it gives off the mylo- 
hyoid nerve (Fig. 11.36), which snpplies the mylo- 
hyoid muscle and the anterior belly of the digastrie 
muscle. 

■ Gommnnieating braneh, which frequently runs from 
the inferior alveolar nerve to the lingnal nerve 

The branehes of the posterior division of the mandibnlar 

nerve are sensory (except the nerve to the mylohyoid muscle). 


e L I N I e A L N 0 T E S 


lnjury to the Lìngual Nerve 

The lingual nerve passes forvvard into the submandibular 
region from the infratemporal fossa by running beneath the 
origin of the superior eonstrietor muscle, vvhieh is attaehed 
to the posterior border of the mylohyoid line on the mandible. 
Here, it is elosely related to the last molar tooth and is liable 
to be damaged in eases of clumsy extraction of an impaeted 
third molar. 

V_ J 

Otie Ganglion 

The otie ganglion is a parasympathetie ganglion that is 
loeated medial to the mandibnlar nerve just below the 
skull, and it is adherent to the nerve to the medial ptery- 
goid muscle. The preganglionie fibers originate in the glos- 
sopharyngeal nerve, and they reaeh the ganglion via the 
lesser petrosal nerve (see page 614). The postganglionie 
seeretomotor fibers reaeh the parotid salivary gland via the 
auriculotemporal nerve. 
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FIGURE 11.66 Infratemporal and submandibular regions. Parts of the zygomatie areh, the ramus, and the body of the mandi- 
ble have been removed. Mylohyoid and lateral pterygoid muscles have also been removed to display deeper structures.The 
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Submandibular Ganglion 

The submandibular ganglion is a parasympathetie gan- 
glion that lies deep to the submandibular salivary gland 
and is attaehed to the lingual nerve by small nerves (Figs. 
11.36 and 11.66). Preganglionie parasympathetie fibers 
reaeh the ganglion from the faeial nerve via the ehorda 
tympani and the lingual nerves. Postganglionie seereto- 
motor fibers pass to the submandibular and the sublingual 
salivary glands. 


The trigeminal nerve is thus the main sensory nerve of 
the head and innervates the mnseles of mastieation. It also 
tenses the soft palate and the tympanie membrane. 

Abducent Nerve 

This small nerve emerges from the anterior snrfaee of the 
hindbrain between the pons and the medulla oblongata 
(Figs. 11.11 and 11.65). It passes forward with the internal 
earotid artery throngh the eavernons sinus in the middle 
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eranial fossa and enters the orbit throngh the snperior 
orbital fissnre (Fig. 11.18). The abdneent nerve snpplies the 
lateral reetns mnsele (Fig. 11.65) and is therefore responsi- 
ble for tnrning the eye laterally. 

Faeial Nerve 

The faeial nerve has a motor root and a sensory root (ner- 
vus intermedins) (Fig. 11.67). The nerve emerges on the 
anterior snrfaee of the hindbrain between the pons and the 
mednlla oblongata. The roots pass laterally in the posterior 
eranial fossa with the vestibnloeoehlear nerve and enter the 
internal aeonstie meatns in the petrons part of the temporal 


bone (Fig. 11.28). At the bottom of the meatns, the nerve 
enters the faeial eanal that runs laterally through the inner 
ear. On reaehing the medial wall of the middle ear (tym- 
panie eavity), the nerve swells to form the sensory genicu- 
late ganglion (Fig. 11.67; see also Figs. 11.29 and 11.30). 
The nerve then bends sharply backward above the promon- 
tory and, at the posterior wall of the middle ear, bends down 
on the medial side of the aditus of the mastoid antrum (see 
pages 567 and 568). The nerve deseends behind the pyra- 
mid and it emerges from the temporal bone throngh the 
stylomastoid foramen. The faeial nerve now passes forward 
throngh the parotid gland to its distribntion (Fig. 11.67). 
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FIGURE 11.67 A. Distribution of the faeial nerve. B. Branehes of the faeial nerve vvithin the petrous part of the temporal bone; 
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Important Branehes of the Faeial Nerve 

■ Greater petrosal nerve arises from the nerve at the 
genienlate ganglion (Fig. 11.67). It eontains pregangli- 
onie parasympathetie fibers that synapse in the ptery- 
gopalatine ganglion. The postganglionie fibers are 
seeretomotor to the laerimal gland and the glands of the 
nose and the palate. The greater petrosal nerve also eon- 
tains taste fibers from the palate. 

■ Nerve to stapedins snpplies the stapedins mnsele in the 
middle ear (Fig. 11.67). 

■ ehorda tympani arises from the faeial nerve in the faeial 
eanal in the posterior wall of the middle ear (Fig. 11.67). 
It runs forward over the medial surface of the upper part 
of the tympanie membrane (Fig. 11.29) and leaves the 
middle ear throngh the petrotympanie fissnre, thus 
entering the infratemporal fossa and joining the lingnal 
nerve. The ehorda tympani eontains preganglionie para- 
sympathetie seeretomotor fibers to the submandibular 
and the sublingual salivary glands. It also eontains taste 
fibers from the anterior two thirds of the tongue and 
fioor of the mouth. 

■ Posterior anrienlar, the posterior belly of the digas- 
trie, and the stylohyoid nerves (Fig. 11.67) are muscu- 
lar branehes given off by the faeial nerve as it emerges 
from the stylomastoid foramen. 


■ Five terminal branehes to the mnseles of faeial expression. 

These are the temporal, the zygomatie, the buccal, the 

mandibiilar, and the eervieal branehes (Fig. 11.67). 

The faeial nerve lies within the parotid salivary gland 
(Fig. 11.85B) after leaving the stylomastoid foramen, and 
it is loeated between the snperfieial and the deep parts of 
the gland (see page 630). Here, it gives off the terminal 
branehes that emerge from the anterior border of the gland 
and pass to the mnseles of the faee and the sealp. The buc- 
eal braneh snpplies the bneeinator muscle, and the eer- 
vieal braneh snpplies the platysma and the depressor 
anguli oris muscles. 

The faeial nerve thus eontrols faeial expression, saliva- 
tion, and laerimation and is a pathway for taste sensation 
from the anterior part of the tongue and floor of the mouth 
and from the palate. 

Vestibulocochlear Nerve 

The vestibnloeoehlear nerve is a sensory nerve that eonsists 
of two sets of fibers: vestibular and eoehlear. They leave 
the anterior snrfaee of the brain between the pons and the 
mednlla oblongata (Fig. 11.68). They eross the posterior 
eranial fossa and enter the internal aeonstie meatus with 
the faeial nerve (Fig. 11.28). 
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FIGIJRE 11.68 A. Origin and distribution of the vestibulocochlear nerve. B. Distribution of the glossopharyngeal nerve 
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Vestibular Fibers 

The vestibular fibers are the eentral proeesses of the nerve 
eells of the vestibular ganglion sitnated in the internal 
aeonstie meatus (Fig. 11.68). The vestibular fibers originate 
from the vestibnle and the semieirenlar eanals; therefore, 
they are eoneerned with the sense of position and with 
movement of the head. 

Goehlear Fibers 

The eoehlear fibers are the eentral proeesses of the nerve 
eells of the spiral ganglion of the eoehlea (Fig. 11.68). The 
eoehlear fibers originate in the spiral organ of Gorti and 
are therefore eoneerned with hearing. 

Glossopharyngeal Nerve 

The glossopharyngeal nerve is a motor and sensory nerve 
(Fig. 11.68). It emerges from the anterior snrfaee of the 
mednlla oblongata between the olive and the inferior eer- 
ebellar pednnele. It passes laterally in the posterior eranial 
fossa and leaves the skull by passing throngh the jugular 
foramen. The snperior and inferior sensory ganglia are 
loeated on the nerve as it passes throngh the foramen. The 
glossopharyngeal nerve then deseends throngh the upper 
part of the neek to the baek of the tongue (Fig. 11.68). 

Important Branehes of the Glossopharyngeal 
Nerve 

■ Tympanie braneh passes to the tympanie plexus in the 
middle ear (Fig. 11.68). Preganglionie parasympathetie 
fibers for the parotid salivary gland now leave the plexus 
as the lesser petrosal nerve, and they synapse in the otie 
ganglion. 

■ Garotid braneh eontains sensory fibers from the earotid 
sinus (pressoreeeptor meehanism for the regnlation of 
blood pressnre and the earotid body and ehemoreeeptor 
meehanism for the regnlation of heart rate and respira- 
tion) (Fig. 11.68). 

■ Nerve to the stylopharyngens mnsele 

■ Pharyngeal branehes (Fig. 11.68) run to the pharyn- 
geal plexus and also reeeive branehes from the vagus 
nerve and the sympathetie trunk. 

■ Lingual braneh (Fig. 11.68) passes to the mucous mem- 
brane of the posterior third of the tongue (including the 
vallate papillae). 

The glossopharyngeal nerve thus assists swallowing and 
promotes salivation. It also eondnets sensation from the 
pharynx and the baek of the tongue and earries impnlses, 
which infinenee the arterial blood pressnre and respiration, 
from the earotid sinus and earotid body. 

Vagus Nerve 

The vagus nerve is eomposed of motor and sensory fib- 
ers (Fig. 11.69). It emerges from the anterior snrfaee of 
the mednlla oblongata between the olive and the inferior 
eerebellar pednnele. The nerve passes laterally throngh 
the posterior eranial fossa and leaves the skull through the 
jugular foramen. The vagus nerve has both superior and 
inferior sensory ganglia. Below the inferior ganglion, the 
eranial root of the aeeessory nerve joins the vagus nerve 
and is distribnted mainly in its pharyngeal and reenrrent 
laryngeal branehes. 


The vagus nerve deseends throngh the neek alongside 
the earotid arteries and internal jugular vein within the 
earotid sheath (Fig. 11.49). It passes throngh the mediasti- 
num of the thorax (Fig. 11.69), passing behind the root of 
the lung, and enters the abdomen throngh the esophageal 
opening in the diaphragm. 

Important Branehes of theVagus Nerve in the Neek 

■ Meningeal and auricular branehes 

■ Pharyngeal braneh eontains nerve fibers from the era- 
nial part of the aeeessory nerve. This braneh joins the 
pharyngeal plexus and snpplies all the mnseles of the 
pharynx (except the stylopharyngens) and of the soft 
palate (except the tensor veli palatini). 

■ Snperior laryngeal nerve (Fig. 11.69) divides into the 
internal and the external laryngeal nerves. The internal 
laryngeal nerve is sensory to the mucous membrane 
of the piriform fossa and the larynx down as far as the 
voeal eords. The external laryngeal nerve is motor and 
is loeated elose to the snperior thyroid artery; it snpplies 
the erieothyroid muscle. 

■ Reenrrent laryngeal nerve (Fig. 11.69). On the right 
side, the nerve hooks around the first part of the sub- 
elavian artery and then aseends in the groove between 
the traehea and the esophagns. On the left side, the nerve 
hooks around the areh of the aorta and then aseends 
into the neek between the traehea and the esophagns. 
The nerve is elosely related to the inferior thyroid artery, 
and it snpplies all the mnseles of the larynx, except the 
erieothyroid muscle, the mucous membrane of the lar- 
ynx below the voeal eords, and the mucous membrane 
of the upper part of the traehea. 

■ Gardiae branehes (two or three) arise in the neek, 
deseend into the thorax, and end in the eardiae plexus 
(Fig. 11.69). 

The vagus nerve thus innervates the heart and great ves- 
sels within the thorax; the larynx, traehea, bronehi, and 
lungs; and much of the alimentary traet from the pharynx 
to the splenie fiexure of the eolon. It also snpplies glands 
assoeiated with the alimentary traet, such as the liver and 
panereas. 

The vagus nerve has the most extensive distribntion 
of all the eranial nerves and snpplies the aforementioned 
structures with afferent and efferent fibers. 

Aeeessory Nerve 

The aeeessory nerve is a motor nerve. It eonsists of a eranial 
root (part) and a spinal root (part) (Fig. 11.70). 

eranial Root 

The eranial root emerges from the anterior snrfaee of the 
mednlla oblongata between the olive and the inferior eer- 
ebellar pednnele (Fig. 11.70). The nerve runs laterally in the 
posterior eranial fossa and joins the spinal root. 

Spinal Root 

The spinal root arises from nerve eells in the anterior gray 
column (horn) of the upper five segments of the eervieal 
part of the spinal eord (Fig. 11.70). The nerve aseends along- 
side the spinal eord and enters the skull through the fora- 
men magnum. It then turns laterally to join the eranial root. 
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FIGURE 11.69 Distribution of the vagus nerve. 
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FIGURE 11.70 A. Ohg in and distribution of the aeeessory nerve. B. Distribution of the hypoglossal nerve. 
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The two roots unite and leave the skull through the 
jugular foramen. The roots then separate: The eranial root 
joins the vagus nerves and is distribnted in its branehes to 
the mnseles of the soft palate and pharynx (via the phar- 
yngeal plexus) and to the mnseles of the larynx (except the 
erieothyroid muscle). The spinal root runs downward and 
laterally and enters the deep snrfaee of the sternoeleido- 
mastoid muscle, which it supplies, and then erosses the 
posterior triangle of the neek to supply the trapezius mus- 
ele (Fig. 11.55). 

The aeeessory nerve thus brings about movements of 
the soft palate, pharynx, and larynx and eontrols the move- 
ments of the sternoeleidomastoid and trapezins mnseles, 
two large mnseles in the neek. 




e L I N I e A L N 0 T E S 


lnjury to the Spinal Part of the Aeeessory Nerve 

The spinal part of the aeeessory nerve erosses the posterior 
triangle in a relatively soperfieial position. It ean be injored at 
operation or from penetrating wounds. The trapezius muscle 
is paralyzed, the muscle will show wasting, and the shoulder 
will drop. The patient will experience difficulty in elevating the 
arm above the head, having abducted it to a right angle by 
using the deltoid muscle. 

eiinieal examination of this nerve involves asking the 

patient to rotate the head to one side against resistanee, 

causing the sternoeleidomastoid of the opposite side to eome 

into aetion. Then, the patient is asked to shrug the shoulders, 

causing the trapezius muscles to eome into aetion. 

V___ 


Hypoglossal Nerve 

The hypoglossal nerve is a motor nerve. It emerges on the 
anterior snrfaee of the mednlla oblongata between the 
pyramid and the olive, erosses the posterior eranial fossa, 
and leaves the skull through the hypoglossal eanal. The 
nerve then passes downward and forward in the neek and 
erosses the internal and external earotid arteries to reaeh 
the tongue (Fig. 11.70). In the upper part of its course, it is 
joined by C1 fibers from the eervieal plexus. 

Important Branehes of the Hypoglossal Nerve 

■ Meningeal braneh 

■ Deseending braneh (C1 fibers) passes downward and 
joins the deseending eervieal nerve (C2 and 3) to form 
the ansa eerviealis. Branehes from this loop supply 
the omohyoid, the sternohyoid, and the sternothyroid 
mnseles. 

■ Nerve to the thyrohyoid mnsele (C1) 

■ Mnsenlar branehes to all the mnseles of the tongne 

except the palatoglossns (pharyngeal plexus) 

■ Nerve to the geniohyoid mnsele (Cl). The hypoglossal 
nerve thus innervates the mnseles of the tongue (except 
the palatoglossus) and therefore eontrols the shape and 
movements of the tongue. 

Main Nerves of the Neek 

Cervìcal Plexus 

The eervieal plexus is formed by the anterior rami of the 
first four eervieal nerves. The rami are joined by eonneeting 
branehes, which form loops that lie in front of the origins 
of the levator seapnlae and the sealenns medius muscles 
(Fig. 11.57). The plexus is eovered in front by the pre- 
vertebral layer of deep eervieal faseia and is related to the 
internal jugular vein within the earotid sheath. The eervieal 



eiìnìeal Testìng of the Granìal Nerves 

Systematie examination of the 12 eranial nerves is an important 
part of the examination of every neurologic patient. It may reveal 
a lesion of a eranial nerve nucleus or its eentral eonneetions, or 
it may show an interruption of the lower motor neurons. 

Testìng the Integrìty of the Olfaetory Nerve 

The olfaetory nerve ean be tested by applying substances with 
different odors to eaeh nostril in turn. It should be remembered 
that food flavors depend on the sense of smell and not on the 
sense of taste. Fractures of the anterior eranial fossa or eerebral 
tumors of the frontal lobes may produce lesions of the olfaetory 
nerves, with consequent loss of the sense of smell (anosmia). 

Testíng the Integrity of the Optie Nerve 

The optie nerve is evaluated by first asking the patient whether 
any ehanges in eyesight have been noted. The acuity of vision 


is then tested by using eharts with lines of print of varying size. 
The retinas and optie dises should then be examined with an 
ophthalmoseope. When examining the optie dise, it should be 
remembered that the intraeranial subarachnoid spaee extends 
forward around the optie nerve to the baek of the eyeball. The 
retinal artery and vein run in the optie nerve and eross the sub- 
araehnoid spaee of the nerve sheath a short distanee behind 
the eyeball. A rise in eerebrospinal fluid pressure in the sub- 
araehnoid spaee will eompress the thin walls of the retinal 
vein as it erosses the spaee, resulting in eongestion of the 
retinal veins, edema of the retina, and bulging of the optie dise 
(papilledema). 

The visual fields should then be tested. The patient is asked 
to gaze straight ahead at a fixed objeet with the eye under test, 
the opposite eye being eovered. A small objeet is then moved in 
an are around the periphery of the field of vision, and the patient 
is asked whether he or she ean see the objeet. It is important not 


(eontinaedj 
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to miss loss or impairment of vision in the eentral area of the field 

(eentral seotoma). 

Blindness in one half of eaeh visual fìeld is ealled hemiano- 
pia. Lesions of the optie traet and optie radiation produce the 
same hemianopia for both eyes, that is, homonymons hemiano- 
pia. Bitemporal hemianopia is a loss of the lateral halves of the 
fields of vision of both eyes (i.e., loss of function of the medial 
half of both retinas). This eondition is most eommonly produced 
by a tumor of the pituitary gland exerting pressure on the optie 
ehiasma. 

Testing the Integrity of the Oenlomotor, Troehlear, 
and Abdneent Nerves 

The oculomotor, troehlear, and abducent nerves innervate the 
muscles that move the eyeball. The oculomotor nerve supplies 
all the orbital muscles exceptthe superior oblique and the lateral 
rectus. It also supplies the levator palpebrae superioris and the 
smooth muscles eoneerned with aeeommodation—namely, the 
sphineter pupillae and the eiliary muscle. The troehlear nerve 
supplies the superior oblique muscle, and the abducent nerve 
suppliesthe lateral rectus. 

To examine the ocular muscles, the patient's head is fixed 
and he or she is asked to move the eyes in turn to the left, to 
the right, upward, and downward, as far as possible in eaeh 
direetion. 

In eomplete third nerve paralysis, the eye eannot be moved 
upward, downward, or inward. At rest, the eye looks laterally 
(external strabismns) because of the aetivity of the lateral rectus 
and downward because of the aetivity of the superior oblique. 
The patient sees double (diplopia). Drooping of the upper eye- 
lid (ptosis) occurs because of paralysis of the levator palpe- 
brae superioris. The pupil is widely dilated and nonreaetive to 
light because of the paralysis of the sphineter pupillae and the 
unopposed aetion of the dilator pupillae (supplied by the sympa- 
thetie). Aeeommodation of the eye is paralyzed. 

In fonrth nerve paralysis, the patient eomplains of double 
vision on looking straight downward. This is because the supe- 
rior oblique is paralyzed and the eye turns medially as the infe- 
rior rectus pulls the eye downward. 

In sixth nerve paralysis, the patient eannot turn the eyeball 
laterally. When looking straight ahead, the lateral rectus is para- 
lyzed, and the unopposed medial rectus pulls the eyeball medi- 
ally, causing internal strabismus. 

Testing the Integrity of the Trigeminal Nerve 

The trigeminal nerve has sensory and motor roots. The sensory 
root passes to the trigeminal ganglion, from which emerge the 
ophthalmie (VI), maxillary (V2), and mandibular (V3) divisions. 
The motor root joins the mandibular division. 

The sensory function ean be tested by using a eotton wisp 
over eaeh area of the faee supplied by the divisions of the tri- 
geminal nerve (Fig. 11.50). 

The motor function ean be tested by asking the patient to 
eleneh the teeth. The masseter and the temporalis muscles, 
which are innervated by the mandibular division of the trigeminal 
nerve, ean be palpated and feltto harden as they eontraet. 

Testìng tbe Integrity of tbe Faeíal Nerve 

The faeial nerve supplies the muscles of faeial expression; sup- 
plies the anterior two thirds of the tongue with taste fibers; and 


is seeretomotor to the laerimal, submandibular, and sublingual 
glands. 

The anatomie relationship of this nerve to other struc- 
tures enables a physieian to loealize lesions of the nerve 
accurately. If the 6th and 7th nerves are not functioning, 
this would suggest a lesion within the pons of the brain. 
If the 8th and 7th nerves are not functioning, this would 
suggest a lesion in the internal acoustic meatus. If the patient 
is excessively sensitive to sound in one ear, the lesion prob- 
ably involves the nerve to the stapedius. Loss of taste over 
the anterior two thirds of the tongue implies that the seventh 
nerve is damaged proximal to the point where it gives off the 
ehorda tympani. 

To testthe faeial nerve,the patientis askedto showtheteeth 
by separating the lips with the teeth elenehed, and then to elose 
the eyes. Taste on eaeh half of the anterior two thirds of the 
tongue ean be tested with sugar, salt, vinegar, and quinine for 
the sweet, salt, sour, and bitter sensations, respeetively. 

It should be remembered that the part of the faeial nerve 
nucleus that eontrols the muscles of the upper part of the 
faee reeeives corticobulbar fibers from both eerebral eortiees. 
Therefore, in patients with an upper motor neuron lesion, only the 
muscles of the lower part of the faee will be paralyzed. However, 
in patients with a lower motor neuron lesion, all the muscles on 
the affeeted side of the faee will be paralyzed. The lower eyelid 
will droop, and the angle of the mouth will sag. Tears will flow 
over the lower eyelid, and saliva will dribble from the eorner of 
the mouth. The patientwill be unableto elosethe eye and eannot 
expose the teeth fully on the affeeted side. 

Testìng tbe Integrìty of tbe Vestìbnloeoeblear Nerve 

The vestibulocochlear nerve innervates the utricle and saccule, 
which are sensitive to statie ehanges in equilibrium; the semieir- 
cular eanals, which are sensitive to ehanges in dynamie equilib- 
rium; and the eoehlea, which is sensitive to sound. 

Disturbances of vestibular function include dizziness (ver- 
tigo) and nystagmns. The latter is an uncontrollable pendular 
movement of the eyes. Disturbances of eoehlear function reveal 
themselves as deafness and ringing in the ears (tinnitns). The 
patient's ability to hear a voiee or a tuning fork should be tested, 
with eaeh eartested separately. 

Testing tbe Integrity of tbe Glossopharyngeal Nerve 

The glossopharyngeal nerve supplies the stylopharyngeus mus- 
ele and sends seeretomotor fibers to the parotid gland. Sensory 
fibers innervate the posterior one third of the tongue. 

The integrity of this nerve may be evaluated by testing the 
patient's general sensation and that of taste on the posterior 
third of the tongue. 

Testing the Integrity of the Vagns Nerve 

The vagus nerve innervates many important organs, but the 
examination of this nerve depends on testing the function of the 
branehes to the pharynx, soft palate, and larynx. The pharyngeal 
reflex may be tested by touching the lateral wall of the pharynx 
with a spatula. This should immediately cause the patient to 
gag—that is, the pharyngeal muscles will eontraet. 

The innervation of the soft palate ean be tested by asking the 
patient to say "ah." Normally, the soft palate rises and the uvula 
moves backward in the midline. 


(continuedl 
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All the muscles of the larynx are supplied by the recurrent 
laryngeal braneh of the vagus, exceptthe erieothyroid muscle, 
vvhieh is supplied by the external laryngeal braneh of the supe- 
rior laryngeal braneh of the vagus. Hoarseness or absenee of the 
voiee may occur. Laryngoseopie examination may reveal abduc- 
tor paralysis (see page 650). 

Testìng the Integrìty of the Aeeessory Nerve 

The aeeessory nerve supplies the sternoeleidomastoid and the 
trapezius muscles by means of its spinal part. The patient should 
be asked to rotate the head to one side against resistanee, caus- 
ing the sternoeleidomastoid of the opposite side to eome into 
aetion. Then,the patientshould be asked to shrug the shoulders, 
causing the trapezius muscles to eome into aetion. 


Testìng the Integrìty of the Hypoglossal Nerve 

The hypoglossal nerve supplies the muscles of the tongue. 
The patient is asked to put out the tongue, and if a lesion of 
the nerve is present, it will be noted thatthe tongue deviates 
toward the paralyzed side (Fig. 11.78). This ean be explained 
as follows. One of the genioglossus muscles, which pull the 
tongue forward, is paralyzed on the affeeted side. The other, 
normal genioglossus muscle pulls the unaffected side of the 
tongue forward, leaving the paralyzed side of the tongue sta- 
tionary. The result is the tip of the tongue's deviation toward 
the paralyzed side. In patients with long-standing paralysis, 
the muscles on the affeeted side are wasted, and the tongue 
is wrinkled on that side. 


plexus supplies the skin and the mnseles of the head, the 
neek, and the shonlders. 

Branehes 

■ Cutaneous branehes 

The lesser oeeipital nerve (C2), which snpplies the baek 
of the sealp and the anriele 

The greater auricular nerve (C2 and 3), which snpplies 
the skin over the angle of the mandible 
The transverse eervieal nerve (C2 and 3), which sup- 
plies the skin over the front of the neek 
The supraclavicular nerves (C3 and 4). The medial, and 
intermediate, and lateral branehes supply the skin 
over the shonlder region. These nerves are important 
elinieally, beeanse pain may be referred along them 
from the phrenie nerve (gallbladder disease). 

■ Muscular branehes to the neek mnseles. Prevertebral 
mnseles, sternoeleidomastoid (proprioeeptive, C2 and 
3), levator seapnlae (C3 and 4), and trapezins (proprio- 
eeptive, C3 and 4). A braneh from C1 joins the hypo- 
glossal nerve. Some of these C1 fibers later leave the 
hypoglossal as the deseending braneh, which unites with 
the deseending eervieal nerve (C2 and 3), to form the 
ansa eerviealis (Fig. 11.60). The first, seeond, and third 
eervieal nerve fibers within the ansa eerviealis supply 
the omohyoid, sternohyoid, and sternothyroid mnseles. 
Other C1 fibers within the hypoglossal nerve leave it as 
the nerve to the thyrohyoid and geniohyoid. 

■ Muscular braneh to the diaphragm. Phrenie nerve 

Phrenie Nerve 

The phrenie nerve arises in the neek from the 3rd, 4th, and 
5th eervieal nerves of the eervieal plexus. It runs vertieally 
downward aeross the front of the sealenns anterior mus- 
ele (Fig. 11.57) and enters the thorax by passing in front 
of the snbelavian artery. Its fnrther course in the thorax is 
deseribed on page 99. 

The phrenie nerve is the only motor nerve supply to the 
diaphragm. It also sends sensory branehes to the periear- 
dium, the mediastinal parietal pleura, and the pleura and 
peritonenm eovering the upper and lower snrfaees of the 
eentral part of the diaphragm. 

Table 11.7 snmmarizes the branehes of the eervieal 
plexus and their distribntion. 




e L I N I e A L N 0 T E S 


Phrenìe Nerve Injnry and Paralysìs of the 
Dìaphragm 

The phrenie nerve, which arises from the anterior rami of 
the third, fourth, and fifth eervieal nerves, is of eonsiderable 
elinieal importanee because it is the sole nerve supply to the 
muscle of the diaphragm. Eaeh phrenie nerve supplies the 
eorresponding half of the diaphragm. 

The phrenie nerve ean be injured by penetrating wounds 
inthe neek. If thatoccurs, the paralyzed half ofthe diaphragm 
relaxes and is pushed up into the thorax by the positive 
abdominal pressure. Consequently, the lower lobe of the lung 
on that side may eollapse. 

About one third of persons have an aeeessory phrenie 
nerve. The root from the fifth eervieal nerve may be ineor- 
porated in the nerve to the subclavius and may join the main 
phrenie nerve trunk in the thorax. 

V___ J 


Braehial Plexus 

The braehial plexus is formed in the posterior triangle of 
the neek by the union of the anterior rami of the 5th, 6th, 
7th, and 8th eervieal and the first thoraeie spinal nerves 
(Fig. 11.71). This plexus is divided into roots, trunks, 
divisions, and eords. The roots of C5 and 6 unite to form 
the upper trunk, the root of C7 eontinnes as the middle 
trunk, and the roots of C8 and T1 unite to form the lower 
trunk. Eaeh trunk then divides into anterior and posterior 
divisions. The anterior divisions of the upper and middle 
trunks unite to form the lateral eord, the anterior division 
of the lower trunk eontinnes as the medial eord, and the 
posterior divisions of all three trunks join to form the pos- 
terior eord. 

The roots of the braehial plexus enter the base of the 
neek between the sealenns anterior and the sealenns 
medius muscles (Fig. 11.57). The trunks and divisions 
eross the posterior triangle of the neek, and the eords 
beeome arranged around the axillary artery in the axilla 
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1 

Summary of the Branehes 

TABLE 11.7 1 

of the Gervieal Plexus 

J 

and Their Distrihntion 

Branehes 

Distribntion 

Cutaneous 


Lesser oeeipital 

Skin of sealp behind ear 

Greater auricular 

Skin over parotid salivary gland. 


Transverse 

cutaneous 

Supraclavicular 


auricle, and angle of jaw 
Skin over side and front of neek 


Skin over upper part of ehest and 
shoulder 


Muscular 

Segmental 

Ansa eerviealis 
(C1,2,3) 

C1 fibers via 
hypoglossal nerve 

Phrenie nerve 
(C3,4,5) 

Sensory 
Phrenie nerve 
(C3,4,5) 


Prevertebral muscles, levator scapulae 
Omohyoid, sternohyoid, sternothyroid 


Thyrohyoid, geniohyoid 


Diaphragm (most important muscle of 
respiration) 

Pericardium, mediastinal parietal 
pleura, and pleura and peritoneum 
eovering eentral diaphragm 


(see Fig. 9.20). Here, the braehial plexus and the axillary 
artery and vein are enelosed in the axillary sheath. 

Branehes 

The branehes of the braehial plexus and their distribntion 
are snmmarized in Table 9.4. 



Injury to the Braehìal Plexus 

The roots and trunks of the braehial plexus occupy the antero- 
inferior angle of the posterior triangle of the neek. ineomplete 
lesions ean result from stab or bullet wounds, traetion, or 
pressure injuries. The elinieal findings in Erb-Duchenne and 
Klumpke's lesions are fully deseribed on page 429. 


Braehial Plexus Nerve Bloek 

ltwill be remembered thatthe axillary sheath,formed fromthe 
prevertebral layer of deep eervieal faseia, eneloses the bra- 
ehial plexus and the axillary artery. A braehial plexus nerve 
bloek ean easily be obtained by elosing the distal part of the 
sheath in the axilla with finger pressure, inserting a syringe 
needle into the proximal part of the sheath, and then injeet- 
ing a loeal anesthetie. The anesthetie solution is massaged 
along the sheath, producing a nerve bloek. The syringe needle 


may be inserted into the axillary sheath in the lower part of the 
posterior triangle of the neek or in the axilla. 

eompressìon of the Braehìal Plexus and the 
Snbelavìan Artery 

Atthe root of the neek, the braehial plexus and the subclavian 
artery enter the posterior triangle through a narrow muscu- 
lar-bony triangle. The boundaries of the narrow triangle are 
formed in front by the scalenus anterior, behind by the sea- 
lenus medius, and below by the Ist rib. In the presenee of a 
eervieal rib (see page XXX), the Ist thoraeie nerve and the 
subclavian artery are raised and angulated as they pass over 
the rib. Partial or eomplete occlusion of the artery causes 
isehemie muscle pain in the arm, which is worsened by 
exercise. Rarely, pressure on the first thoraeie nerve causes 
symptoms of pain in the forearm and hand and wasting of the 
small muscles of the hand. 

V__ J 


The Autonomic Nervous System in 
the Head and Neek 

Sympathetie Part 

Cervical Part of the SympatheticTrunk 

The eervieal part of the sympathetie trunk extends upward 
to the base of the skull and below to the neek of the Ist rib, 
where it beeomes continuous with the thoraeie part of the 
sympathetie trunk. It lies direetly behind the internal and 
eommon earotid arteries (i.e., medial to the vagus) and is 
embedded in deep faseia between the earotid sheath and 
the prevertebral layer of deep faseia (Fig. 11.49). 

The sympathetie trunk possesses three ganglia: the supe- 
rior, middle, and inferior eervieal ganglia. 

Superior Cervical Ganglion 

The snperior eervieal ganglion lies immediately below the 
skull (Fig. 11.60). 

Branehes 

■ The internal earotid nerve, eonsisting of postgangli- 
onie fibers, aeeompanies the internal earotid artery into 
the earotid eanal in the temporal bone. It divides into 
branehes around the artery to form the internal earotid 
plexus. 

■ Gray rami eommnnieantes to the upper four anterior 
rami of the eervieal nerves 

■ Arterial branehes to the eommon and external earotid 
arteries. These branehes form a plexus around the arter- 
ies and are distribnted along the branehes of the external 
earotid artery. 

■ Granial nerve branehes, which join the 9th, lOth, and 
12th eranial nerves 

■ Pharyngeal branehes, which unite with the pharyngeal 
branehes of the glossopharyngeal and vagus nerves to 
form the pharyngeal plexus 

■ The snperior eardiae braneh, which deseends in the 
neek and ends in the eardiae plexus in the thorax (see 
page 89) 


(continued) 
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FIGURE 11.71 Braehial plexus and its branehes 


Middle Gervieal Ganglion 

The middle eervieal ganglion lies at the level of the erieoid 
eartilage (Fig. 11.57). 

Branehes 

■ Gray rami communicantes to the anterior rami of the 
5th and 6th eervieal nerves 

■ Thyroid branehes, which pass along the inferior thyroid 
artery to the thyroid gland 


■ The middle eardiae braneh, which deseends in the neek 
and ends in the eardiae plexus in the thorax (see page 89) 

Inferior Gervieal Ganglion 

The inferior eervieal ganglion in most people is fused with 
the first thoraeie ganglion to form the stellate ganglion. 
It lies in the interval between the transverse proeess of 
the 7th eervieal vertebra and the neek of the Ist rib, behind 
the vertebral artery (Fig. 11.57). 



Sympatheetomy for Arterìal insoffieìeney of the Upper 
Limb 

The sympathetie innervation of the upper limb is as follovvs: The 
preganglionie fibers leave the spinal eord in the 2nd to the 8th 
thoraeie nerves. On reaehing the sympathetie trunk via the vvhite 
rami, they aseend vvithin the trunk and are relayed in the seeond 
thoraeie, stellate, and middle eervieal ganglia. Postganglionie 
fibers then join the roots of the braehial plexus as gray rami. 
Sympatheetomy of the upper limb is a relatively eommon procedure 


for the treatment of arterial insufficiency. From this information, 
it is elearthatthe stellate and the 2nd thoraeie ganglia should be 
removedto bloekthe sympathetie pathvvayto the arm eompletely. 

Removal of the stellate ganglion also removes the sym- 
pathetie nerve supply to the head and neek on that side. This 
produces not only vasodilatation of the skin vessels, but also 
anhidrosis, nasal eongestion, and Horner's syndrome. For this 
reason, the stellate ganglion is usually left intaet in sympatheeto- 
mies of the upper limb. 


(continuedl 
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Horner's Syndrome 

Horner's syndrome inelodes eonstrietion of the pupil, ptosis 
(drooping of the upper eyelid), and enophthalmos (depression of 
the eyeball into the orbital eavity). It is caused by an interruption 
of the sympathetie nerve supply to the orbit. Pathologie causes 
include lesions ofthe brainstem or eervieal partofthe spinal eord; 
traumatic injuryto the eervieal partofthe sympathetictrunk;trac- 
tion of the stellate ganglion caused by a eervieal rib; and involve- 
ment of the ganglion in cancerous grovvth, vvhieh may interrupt 
the peripheral part of the sympathetie pathvvay to the orbit. 


Stellate Ganglion Bloek 

A stellate ganglion bloek is performed by first palpating the large 
anterior tubercle (earotid tubercle) of the transverse proeess of 
the 6th eervieal vertebra, vvhieh lies about a fingerbreadth lat- 
eral to the erieoid eartilage. The earotid sheath and the sterno- 
eleidomastoid muscle are pushed laterally and the needle of the 
anesthetie syringe is inserted through the skin overthe tubercle. 
The loeal anesthetie is then injeeted beneath the prevertebral 
layer of deep eervieal faseia. This procedure effeetively bloeks 
the ganglion and its rami communicantes. 


Branehes 

■ Gray rami communicantes to the anterior rami of the 
7th and 8th eervieal nerves 

■ Arterial branehes to the snbelavian and vertebral arteries 

■ The inferior eardiae braneh, which deseends to join the 
eardiae plexus in the thorax (see page 89) 

The part of the sympathetie trunk eonneeting the middle 
eervieal ganglion to the inferior or stellate ganglion is rep- 
resented by two or more nerve bnndles. The most anterior 
bundle erosses in front of the first part of the snbelavian 
artery and then turns upward behind it. This anterior bundle 
is referred to as the ansa subclavia (Figs. 11.57 and 11.60). 

Parasympathetie Part 

The eranial portion of the eraniosaeral outfiow of the 
parasympathetie part of the autonomic nervons system is 
loeated in the nuclei of the oculomotor (3rd), faeial (7th), 
glossopharyngeal (9th), and vagus (lOth) eranial nerves. 

The parasympathetie nucleus of the oculomotor nerve 
is ealled the Édinger-Westphal nucleus; those of the faeial 
nerve the laerimatory and the superior salivary nuclei; 
that of the glossopharyngeal nerve the inferior salivary 
nucleus; and that of the vagus nerve the dorsal nucleus 
of the vagus. The axons of these eonneetor nerve eells are 


myelinated preganglionie fibers that emerge from the brain 
within the eranial nerves. 

These preganglionie fibers synapse in peripheral ganglia 
loeated elose to the viseera they innervate. The eranial par- 
asympathetie ganglia are the eiliary, the pterygopalatine, 
the submandibular, and the otie. In eertain loeations, the 
ganglion eells are plaeed in nerve plexuses, such as the ear- 
diae plexus, the pulmonary plexus, the myenterie plexus 
(Auerbach’s plexus), and the mucosal plexus (Meissner’s 
plexus). The last two plexuses are found in the gastroin- 
testinal traet. The postganglionie fibers are nonmyelinated, 
and they are short in length. 

The Digestive System in the Head 
and Neek 

The Mouth 

The Lips 

The lips are two fieshy folds that surround the oral orifiee 
(Fig. 11.72). They are eovered on the ontside by skin and 
are lined on the inside by mucous membrane. The sub- 
stanee of the lips is made up by the orbicularis oris mus- 
ele and the mnseles that radiate from the lips into the faee 
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FIGIJRE 11.72 A. Gavity of the mouth. Cheek on the left side of the faee has been cut away to show the buccinator muscle 
and the parotid duct. B. Undersurface of the tongue. 






















622 GHAPTERll The Head and Neek 



zygomaticus major 


levator labii 


infraorbital 
nerve (V2) 

buccal 
nerve (V3) 


mental 
nerve (V3) 


levator labii 
superioris 


zygomaticus minor 
levator anguli oris 


risorius 
orbicularis oris 


platysma 

depressor anguli oris 
depressor labii inferioris 


mentalis 


FIGURE 11.73 Arrangement of the faeial muscles around the 
lips; the sensory nerve supply of the lips is shovvn. 


(Fig. 11.73). Also included are the labial blood vessels and 
nerves, eonneetive tissue, and many small salivary glands. 
The philtrum is the shallow vertieal groove seen in the 
midline on the outer surface of the upper lip. Median folds 
of mucous membrane—the labial frenulae —eonneet the 
inner snrfaee of the lips to the gums. 

The Mouth Gavity 

The mouth extends from the lips to the pharynx. The 
entranee into the pharynx, the oropharyngeal isthmns, is 
formed on eaeh side by the palatoglossal fold (Fig. 11.72). 

The mouth is divided into the vestibnle and the mouth 
eavity proper. 

Vestibule 

The vestibule lies between the lips and the eheeks externally 
and the gums and the teeth internally. This slitlike spaee eom- 
mnnieates with the exterior throngh the oral fissnre between 
the lips. When the jaws are elosed, it eommnnieates with the 
mouth proper behind the third molar tooth on eaeh side. 
The vestibnle is limited above and below by the refieetion of 
the mucous membrane from the lips and eheeks to the gums. 

The lateral wall of the vestibule is formed by the eheek, 
which is made up by the buccinator muscle and is lined with 
mucous membrane. The tone of the bneeinator muscle and 
that of the mnseles of the lips keeps the walls of the vesti- 
bule in eontaet with one another. The duct of the parotid 
salivary gland opens on a small papilla into the vestibnle 
opposite the upper seeond molar tooth (Fig. 11.72). 

Mouth Proper 

The mouth proper has a roof and a fioor. 

Roof of Mouth 

The roof of the mouth is formed by the hard palate in front 
and the soft palate behind (Fig. 11.72). 

Floor of Mouth 

The fioor is formed largely by the anterior two thirds of 
the tongue and by the refieetion of the mucous membrane 
from the sides of the tongue to the gum of the mandible. 
A fold of mucous membrane ealled the frenulum of the 
tongue eonneets the undersurface of the tongue in the 
midline to the fioor of the mouth (Fig. 11.72). Lateral to 
the frenulum, the mucous membrane forms a fringed fold, 
the pliea fimbriata (Fig. 11.72). 


The submandibular duct of the submandibular gland 
opens onto the fioor of the mouth on the summit of a smaH 
papilla on either side of the frenulum of the tongue (Fig. 11.72). 
The sublingual gland projeets up into the mouth, produc- 
ing a low fold of mucous membrane, the sublingual fold. 
Numerous ducts of the gland open on the summit of the fold. 

Mucous Membrane of the Mouth 

In the vestibnle, the mucous membrane is tethered to 
the bneeinator muscle by elastie fibers in the submucosa 
that prevent rednndant folds of mucous membrane from 
being bitten between the teeth when the jaws are elosed. 
The mucous membrane of the gingiva, or gum, is strongly 
attaehed to the alveolar periostenm. 

Sensory Innervation of the Mouth 

Roof: The greater palatine and nasopalatine nerves 
(Fig. 11.74) from the maxillary division of the trigeminal 
nerve 
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FIGURE 11.74 A. Sensory nerve supply to the nnucous 
membrane of the tongue. B. Sensory nerve supply to the 
mucous membrane of the hard and soft palate; taste fibers 
run vvith branehes of the maxillary nerve (V2) and join the 
greater petrosal braneh of the faeial nerve. 
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Floor: The lingual nerve (eommon sensation), a braneh 
of the mandibular division of the trigeminal nerve. The 
taste fibers travel in the ehorda tympani nerve, a braneh 
of the faeial nerve. 

eheek: The buccal nerve, a braneh of the mandibnlar divi- 
sion of the trigeminal nerve (the bneeinator muscle is 
innervated by the buccal braneh of the faeial nerve) 



eiinìeal Sígnífieanee of the Exaniination of the 
Month 

The mouth is one of the important areas of the body that the 
medieal professional is ealled on to examine. Needless to say, 
the physieian must be able to reeognize all the structures vis- 
ible in the mouth and be familiar with the normal variations 
in the eolor of the mucous membrane eovering underlying 
structures. The sensory nerve supply and lymph drainage of 
the mouth eavity should be known. The elose relation of the 
lingual nerve to the lower third molar tooth should be remem- 
bered.The elose relation ofthe submandibularductto thefloor 
of the mouth may enable one to palpate a calculus in eases of 
periodie swelling of the submandibular salivary gland. 

V___ J 
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Development of the Month 

The eavity of the mouth is formed from two sources: a depres- 
sion from the exterior, ealled the stomodenm, which is lined 
with eetoderm, and a part immediately posterior to this, 
derived from the eephalie end of the foregut and lined with 
entoderm. These two parts at first are separated by the buc- 
eopharyngeal membrane, but this breaks down and disap- 
pears during the third week of development (Fig. 11.75). If this 
membrane were to persist into adult life, it would occupy an 
imaginary plane extending obliquely from the region of the 
body of the sphenoid, through the soft palate, and down to the 
inner surface of the mandible inferior to the ineisor teeth. This 
means thatthe structures that are situated in the mouth ante- 
rior to this plane are derived from eetoderm. Thus, the epithe- 
lium of the hard palate, sides of the mouth, lips, and enamel of 
the teeth are eetodermal structures. The seeretory epithelium 
and eells lining the ducts of the parotid salivary gland also are 
derived from eetoderm. On the other hand, the epithelium of 
the tongue, the floor of the mouth, the palatoglossal and pala- 
topharyngeal folds, and most of the soft palate are entodermal 
in origin. The seeretory and duct epithelia of the sublingual 
and submandibular salivary glands also are believed to be of 
entodermal origin. 

V___ J 


The Teeth 

DeciduousTeeth 

There are 20 deciduous teeth: four ineisors, two eanines, 
and four molars in eaeh jaw. They begin to erupt about 
6 months after birth and have all ernpted by the end of 
2 years. The teeth of the lower jaw usually appear before 
those of the upper jaw. 

PermanentTeeth 

There are 32 permanent teeth: 4 ineisors, 2 eanines, 4 pre- 
molars, and 6 molars in eaeh jaw (Fig. 11.76). They begin 


to erupt at 6 years of age. The last tooth to erupt is the 
third molar, which may happen between the ages of 17 and 
30. The teeth of the lower jaw appear before those of the 
upper jaw. 

The Tongue 

The tongue is a mass of striated muscle eovered with mucous 
membrane (Fig. 11.77). The mnseles attaeh the tongue to 
the styloid proeess and the soft palate above and to the man- 
dible and the hyoid bone below. The tongue is divided into 
right and left halves by a median fibrous septum. 
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FIGURE 11.75 A. Sagittal seetion of the embryo shovving the position of the buccopharyngeal membrane. B.The faee of the 
developing embryo shovving the buccopharyngeal membrane breaking dovvn. 















624 GHAPTERll The Head and Neek 


enamel 


neek 


root- 


dentine 



pulp in 
pulp eavity 


odontoblasts 

gingiva 


periodontal 

ligament 


cementum 

periodontal 

ligament 

alveolar 

bone 


root eanal 


permanent tooth 

FIGURE 11.76 Sagittal seetion through the lovver javv and 
gunn shovving an erupted temporary ineisor tooth and a 
developing permanent tooth. 
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FIGURE 11.77 Dorsal surface of the tongue shovving the 
valleculae, the epiglottis, and the entranee into the piriform 
fossa on eaeh side {arrovvs). 


Mucous Membrane of theTongue 

The mucous membrane of the upper surface of the 
tongue ean be divided into anterior and posterior parts 
by a V-shaped sulcus, the sulcus terminalis (Fig. 11.77). 
The apex of the sulcus projeets backward and is marked 
by a small pit, the foramen cecum. The sulcus serves 
to divide the tongue into the anterior two thirds, or 
oral part, and the posterior third, or pharyngeal part. 
The foramen cecum is an embryologie remnant and 
marks the site of the upper end of the thyroglossal duct 
(see page 659). 

Three types of papillae are present on the upper 
surface of the anterior two thirds of the tongue: the 

filiform papillae, the fungiform papillae, and the 
vallate papillae. 

The mucous membrane eovering the posterior third of 
the tongue is devoid of papillae but has an irregnlar snrfaee 
(Fig. 11.77), caused by the presenee of nnderlying lymph 
nodnles, the lingnal tonsil. 

The mucous membrane on the inferior snrfaee of 
the tongue is refleeted from the tongue to the floor of the 
mouth. In the midline anteriorly, the undersurface of the 
tongue is eonneeted to the floor of the mouth by a fold of 
mucous membrane, the frenulum of the tongue. On the 
lateral side of the frenulum, the deep lingual vein ean be 
seen throngh the mucous membrane. Lateral to the lingnal 
vein, the mucous membrane forms a fringed fold ealled the 
pliea fimbriata (Fig. 11.72). 

Muscles of theTongue 

The mnseles of the tongue are divided into two types: 
intrinsie and extrinsic. 

intrinsie Muscles 

These mnseles are eonflned to the tongue and are not 
attaehed to bone. They eonsist of longitndinal, transverse, 
and vertieal flbers. 

Nerve supply: Hypoglossal nerve 
Aetion: Alter the shape of the tongue 

Extrinsic Muscles 

These muscles are attaehed to bones and the soft palate. 
They are the genioglossns, the hyoglossns, the styloglossns, 
and the palatoglossns. 

Nerve supply: Hypoglossal nerve 

The origin, insertion, nerve supply, and aetion of the tongue 
muscles are summarized in Table 11.8. 

Blood Supply 

The lingnal artery, the tonsillar braneh of the faeial artery, 
and the aseending pharyngeal artery supply the tongue. 
The veins drain into the internal jugular vein. 

Lymph Drainage 

Tip: Snbmental lymph nodes 

Sides of the anterior two thirds: Submandibular and deep 
eervieal lymph nodes 

Posterior third: Deep eervieal lymph nodes 
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TABLE 



Muscles of Tongue 


Muscle 


Origin 


Insertion 


Nerve Supply 


intrinsie Mnseles 

Longitudinal 

Transverse 

Vertieal 

Extrinsic Mnseles 

Genioglossus 

Hyoglossus 

Styloglossus 

Palatoglossus 


Median septum and 
submucosa 


Mucous membrane 


Hypoglossal nerve 


Superior genial spine of Blends with other muscles Hypoglossal nerve 


mandible 


of tongue 


Body and greater cornu Blends with other muscles Hypoglossal nerve 


of hyoid bone 

Styloid proeess of tem- 
poral bone 

Palatine aponeurosis 


of tongue 

Blends with other muscles Hypoglossal nerve 
of tongue 

Sideoftongue Pharyngeal plexus 



Aetion 


Alters shape of tongue 


Protrudes apex of tongue 
through mouth 

Depresses tongue 

Draws tongue upward and 
backward 

Pulls roots of tongue upward 
and backward, narrows 
oropharyngeal isthmus 


Sensory Innervation 

Anterior two thirds: Lingual nerve braneh of mandibu- 
lar division of trigeminal nerve (general sensation) and 
ehorda tympani braneh of the faeial nerve (taste) 

Posterior third: Glossopharyngeal nerve (general sensa- 
tion and taste) 

Movements of theTongue 

Protrnsion: The genioglossns mnseles on both sides aeting 
together (Fig. 11.78) 

Retraetion: Styloglossns and hyoglossns mnseles on both 
sides aeting together 

Depression: Hyoglossns mnseles on both sides aeting 
together 

Retraetion and elevation of the posterior third: Styloglossns 
and palatoglossns mnseles on both sides aeting together 

Shape ehanges: intrinsie mnseles 



e L I N 


e A L 


N 0 T E S 



Laeeratìon of the Tongne 

A wound of the tongue is often caused by the patient's teeth 
following a blow on the ehin when the tongue is partly pro- 
truded from the mouth. It ean also occur when a patient aeei- 
dentally bites the tongue while eating, during reeovery from 
an anesthetie, or during an epileptie attaek. Bleeding is halted 
by grasping the tongue between the finger and thumb pos- 
terior to the laeeration, thus occluding the branehes of the 
lingual artery. 



E M B R Y 0 L 0 G I e N 0 T E S 


Development of the Tongne 

At about the fourth week, a median swelling ealled the 
tuberculum impar appears in the entodermal ventral wall or 
floor of the pharynx (Fig. 11.79). A little later, another swelling, 
ealled the lateral lingual swelling (derived from the anterior 
end of eaeh first pharyngeal areh), appears on eaeh side of the 
tuberculum impar. The lateral lingual swellings now enlarge, 
grow medially, and fuse with eaeh other and the tuberculum 
impar. The lingual swellings thus form the anterior two thirds 
of the body of the tongue, and sinee they are derived from the 
first pharyngeal arehes, the mucous membrane on eaeh side 
will be innervated by the lingual nerve, a braneh of the man- 
dibular division of the 5th eranial nerve (eommon sensation). 
The ehorda tympani from the seventh eranial nerve (taste) 
also suppliesthis area. 

Meanwhile, a seeond median swelling, ealled the copula, 
appears in the floor of the pharynx behind the tuberculum 
impar. The copula extends forward on eaeh side of the tuber- 
culum impar and beeomes V shaped. At about this time, the 
anterior ends of the seeond, third, and fourth pharyngeal 
arehes are entering this region. The anterior ends of the third 
areh on eaeh side overgrow the other arehes and extend 
into the copula, fusing in the midline. The copula now disap- 
pears. Thus, the mucous membrane of the posterior third of 
the tongue is formed from the third pharyngeal arehes and is 
innervated by the 9th eranial nerve (eommon sensation and 
taste). 


(eontinaedj 
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The anterior two thirds of the tongue is separated from the 
posterior third by a groove, the sulcus terminalis, vvhieh repre- 
sents the interval betvveen the lingual svvellings of the first pha- 
ryngeal arehes and the anterior ends of the third pharyngeal 
arehes. Around the edge of the anterior tvvo thirds of the tongue, 
the entodermal eells proliferate and grovv inferiorly into the under- 
lying mesenehyme. Later, these eells degenerate so thatthis part 
of the tongue beeomes free. Some of the entodermal eells remain 
in the midline and help form the frenulum of the tongue. 

Remember thatthe circumvallate papillae are situated on 
the mucous membrane just anterior to the sulcus terminalis, 
and that their taste buds are innervated by the ninth eranial 
nerve. It is presumed that during development the mucous 
membrane of the posterior third of the tongue beeomes pulled 
anteriorly slightly, sothatfibers ofthe ninth eranial nerve eross 
the succus terminalis to supply these taste buds (Fig. 11.79). 

The muscles of the tongue are derived from the oeeipital 
myotomes, vvhieh at first are elosely related to the develop- 
ing hindbrain and later migrate inferiorly and anteriorly around 
the pharynx and enter the tongue. The migrating myotomes 
earry vvith them their innervation, the 12th eranial nerve, and 
this explains the long curving course taken by the 12th eranial 
nerve as it passes dovvnvvard and forvvard in the earotid tri- 
angle of the neek (see page 616). 

V___ J 

The Palate 

The palate forms the roof of the mouth and the floor of the 
nasal eavity. It is divided into two parts: the hard palate in 
front and the soft palate behind. 

Hard Palate 

The hard palate is formed by the palatine proeesses of the 
maxillae and the horizontal plates of the palatine bones 
(Fig. 11.80). It is continuous behind with the soft palate. 

Soft Palate 

The soft palate is a mobile fold attaehed to the posterior 
border of the hard palate (Fig. 11.81). Its free posterior bor- 
der presents in the midline a eonieal projeetion ealled the 
uvula. The soft palate is continuous at the sides with the 
lateral wall of the pharynx. 

The soft palate is eomposed of mucous membrane, pala- 
tine aponenrosis, and mnseles. 

Mucous Membrane 

The mucous membrane eovers the upper and lower sur- 
faees of the soft palate. 

Palatine Aponeurosis 

The palatine aponenrosis is a flbrons sheet attaehed to the 
posterior border of the hard palate. It is the expanded ten- 
don of the tensor veli palatini muscle. 

Muscles of the Soft Palate 

The muscles of the soft palate are the tensor veli palatini, the 
levator veli palatini, the palatoglossns, the palatopharyn- 
geus, and the musculus uvulae (Fig. 11.81). 
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FIGURE 11.78 Diag rannmatie representation of the aetion of 
the right and left genioglossus muscles of the tongue. 
A.The right and left muscles eontraet equally together 
and as a result (B) the tip of the tongue is protruded in the 
midline. G.The right hypoglossal nerve (vvhieh innervates 
the genioglossus muscle and the intrinsie tongue muscles 
on the same side) is cut and as a result the right side of the 
tongue is atrophied and vvrinkled. D. When the patient is 
asked to protrude the tongue, the tip points to the side of 
the nerve lesion. E.The origin and insertion and direetion of 
pull of the genioglossus muscle. 


The muscle flbers of the tensor veli palatini eonverge 
as they deseend from their origin to form a narrow ten- 
don, which turns medially around the pterygoid hamulus. 
The tendon, together with the tendon of the opposite side, 
expands to form the palatine aponenrosis. When the mus- 
eles of the two sides eontraet, the soft palate is tightened so 
that the soft palate may be moved upward or downward as 
a tense sheet. 

The mnseles of the soft palate, their origins, insertions, 
nerve supply, and aetions are snmmarized in Table 11.9. 

Nerve Supply of the Palate 

The greater and lesser palatine nerves from the maxillary 
division of the trigeminal nerve enter the palate throngh 
the greater and lesser palatine foramina (Fig. 11.74). The 
nasopalatine nerve, also a braneh of the maxillary nerve, 
enters the front of the hard palate throngh the ineisive 
foramen. The glossopharyngeal nerve also snpplies the 
soft palate. 
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FIGURE 11.79 The floor of the pharynx shovving the stages in the development of the tongue. 


Blood Supply of the Palate 

The greater palatine braneh of the maxillary artery, the 
aseending palatine braneh of the faeial artery, and the 
aseending pharyngeal artery 

Lymph Drainage of the Palate 

Deep Cervical Lymph Nodes 

Palatoglossal Areh The palatoglossal areh is a fold of 
mucous membrane eontaining the palatoglossus muscle, 


which extends from the soft palate to the side of the tongue 
(Figs. 11.72 and 11.81). The palatoglossal areh marks 
where the mouth beeomes the pharynx. 
Palatopharyngeal Areh The palatopharyngeal areh is a 
fold of mucous membrane behind the palatoglossal areh 
(Figs. 11.72 and 11.81) that runs downward and laterally to 
join the pharyngeal wall. The muscle eontained within the 
fold is the palatopharyngens mnsele. The palatine tonsils, 
which are masses of lymphoid tissue, are loeated between 
the palatoglossal and palatopharyngeal arehes (Fig. 11.81). 
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FIGURE 11.80 A.Three eonstrietor muscles of the pharynx. The superior and recurrent laryngeal nerves are also shovvn 
B. Hard palate. 


Movements of the Soft Palate 

The pharyngeal isthmns (the eommnnieating ehannel 
between the nasal and oral parts of the pharynx) is elosed 
by raising the soft palate. Glosnre oeenrs dnring the pro- 
dnetion of explosive eonsonants in speeeh. 

The soft palate is raised by the eontraetion of the leva- 
tor veli palatini on eaeh side. At the same time, the npper 
fibers of the snperior eonstrietor mnsele eontraet and pull 
the posterior pharyngeal wall forward. The palatopharyn- 
geus muscles on both sides also eontraet so that the 
palatopharyngeal arehes are pulled medially, like side cur- 
tains. By this means, the nasal part of the pharynx is elosed 
off from the oral part. 


e L I N I e A L N 0 T E S 


Angìoedema of the Uvula (Quìncke's Uvula) 

The uvula has a eore of voluntary muscle, the musculus uvu- 
lae, that is attaehed to the posterior border of the hard palate. 
Surrounding the muscle is the loose eonneetive tissue of the 
submucosa that is responsible for the great svvelling of this 
structure seeondary to angioedema. 

V___ J 




E M B R Y 0 L 0 G I e N 0 T E S 



Development of the Palate 

In early fetal life, the nasal and mouth eavities are in commu- 
nieation, but later they beeome separated by the development 
of the palate (Fig. 11.82). The primary palate, vvhieh earries 
the four ineisor teeth, is formed by the medial nasal proeess. 
Posterior to the primary palate, the maxillary proeess on eaeh 
side sends medially a horizontal plate ealled the palatal proeess; 


these plates fuse to form the seeondary palate and also unite 
vvith the primary palate and the developing nasal septum. The 
fusion takes plaee from the anteriorto the posterior region. The 
primary and seeondary palates later vvill form the hard palate. 
Tvvo folds grovv posteriorly from the posterior edge of the palatal 
proeesses to ereate the soft palate, so that the uvula is the last 
structure to be formed (Fig. 11.82). The union of the tvvo folds of 


(continued) 
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the soft palate occurs during the eighth week. The two parts of 
the uvula fuse in the midline during the llth week. The interval 
between the primary palate and seeondary palate is represented 
in the midline by the ineisive foramen. 


eieft Palate 

eieft palate is eommonly assoeiated with eleft upper lip. All 
degrees of eleft palate occur and are caused by failure of the 
palatal proeesses of the maxilla to fuse with eaeh other in the 
midline; in severe eases, these proeesses also fail to fuse with 
the primary palate (premaxilla) (Figs. 11.83 and 11.84). The 
first degree of severity is eleft uvula, and the seeond degree is 
ununited palatal proeesses. The third degree is ununited palatal 
proeesses and a eleft on one side of the primary palate. This type 


is usually assoeiated with unilateral eleft lip. The fourth degree 
of severity, which is rare, eonsists of ununited palatal proeesses 
and a elefton both sides ofthe primary palate.Thistype is usually 
assoeiated with bilateral eleft lip. A rare form may occur in which 
a bilateral eleft lip and failure of the primary palate to fuse with 
the palatal proeesses of the maxilla on eaeh side are present. 

A baby born with a severe eleft palate presents a difficult 
feeding problem, sinee he or she is unable to suck effieiently. 
Such a baby often reeeives in the mouth some milk, which then is 
regurgitated through the nose or aspirated into the lungs, leading 
to respiratory infeetion. Forthis reason, careful artifieial feeding 
is required until the baby is strong enough to undergo surgery. 
Plastie surgery is reeommended usually between 1 and 2 years 
of age, before improper speeeh habits have been acquired. 
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FIGLIRE 11.81 A. Junction of the nose with the nasal part of the pharynx and the nnouth with the oral part of the pharynx. 
Note the position of the tonsil and the opening of the auditory tube. B. Muscles of the soft palate and the upper part of the 
pharynx. C. Muscles of the soft palate seen from behind. D. Horizontal seetion through the mouth and the oral part of the 
pharynx showing the relations of the tonsil. 
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TABLE 


Muscle 



Muscles of the Soft Palate 



Insertion 


Nerve Supply Aetion 



Tensor veli palatini 


Levator veli palatini 
Palatoglossos 


Palatopharyngeos 


Musculus uvulae 


Spine of sphenoid, 
auditory tube 

Petrous part of temporal 
bone, auditory tube 

Palatine aponeurosis 


Palatine aponeurosis 


Posterior border of hard 
palate 


With muscle of other 
side, forms palatine 
aponeurosis 

Palatine aponeurosis 
Side of tongue 


Posterior border of 
thyroid eartilage 

Mucous membrane of 
uvula 


Nerve to medial pterygoid 
from mandibular nerve 

Pharyngeal plexus 

Pharyngeal plexus 

Pharyngeal plexus 

Pharyngeal plexus 


Tenses soft palate 


Raises soft palate 

Pulls root of tongue 
upward and backward, 
narrows oropharyngeal 
isthmus 

Elevates wall of pharynx, 
pulls palatopharyngeal 
folds medially 

Elevates uvula 


The Salivary Glands 
Parotid Gland 

The parotid gland is the largest salivary gland and is eom- 
posed mostly of serons aeini. It lies in a deep hollow below 
the external anditory meatns, behind the ramns of the 


mandible (Fig. 11.85), and in front of the sternoeleido- 
mastoid mnsele. The faeial nerve divides the gland into 
superficial and deep lobes. The parotid duct emerges from 
the anterior border of the gland and passes forward over 
the lateral surface of the masseter. It enters the vestibnle of 
the mouth upon a small papilla opposite the upper seeond 
molar tooth (Fig. 11.72). 
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FIGURE 11.82 A.The formation of the palate and the nasal septum (eoronal seetion). B.The different stages in the formation 
of the palate. 
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FIGLIRE 11.83 Different forms of eleft palate: eleft uvula (A), 
eleft soft and hard palate (B), total unilateral eleft palate and 
eleft lip (C), total bilateral eleft palate and eleft lip (D), and 
bilateral eleft lip and jaw (E). 


Nerve Supply 

Parasympathetie seeretomotor supply arises from the glos- 
sopharyngeal nerve. The nerves reaeh the gland via the 
tympanie braneh, the lesser petrosal nerve, the otie gan- 
glion, and the auriculotemporal nerve. 



FIGURE 11.84 eieft hard and soft palate. (Courtesy of R. 
ehase.) 



Parotid Duct lnjury 

The parotid duct, vvhieh is a eomparatively superficial struc- 
ture on the faee, may be damaged in injuries to the faee or 
may be inadvertently cut during surgical operations on the 
faee. The duct is about 2 in. (5 em) long and passes forvvard 
aeross the masseter about a fingerbreadth belovv the zygo- 
matie areh. It then pierees the buccinator muscle to enter the 
mouth opposite the upper seeond molar tooth. 

V___ J 



Parotid Salivary Gland and Lesions of the Faeial 
Nerve 

The parotid salivary gland eonsists essentially of superficial 
and deep parts, and the importantfaeial nerve lies in the inter- 
val betvveen these parts. A benign parotid neoplasm rarely, if 
ever, causes faeial palsy. A malignant tumor of the parotid is 
usually highly invasive and quickly involves the faeial nerve, 
causing unilateral faeial paralysis. 


Parotìd Gland infeetìons 

The parotid gland may beeome acutely inflamed as a result of 
retrograde baeterial infeetion from the mouth via the parotid 
duct. The gland may also beeome infeeted via the blood- 
stream, as in mumps. In both eases, the gland is svvollen; it is 
painful because the faseial capsule derived from the invest- 
ing layer of deep eervieal faseia is strong and limits the svvell- 
ing of the gland. The svvollen glenoid proeess, vvhieh extends 
medially behind the temporomandibular joint, is responsible 
forthe pain experienced in acute parotitis vvhen eating. 


Frey's Syndrome 

Frey's syndrome is an interesting eomplieation that some- 
times develops after penetrating vvounds of the parotid 
gland. When the patient eats, beads of perspiration appear 
on the skin eovering the parotid. This eondition is caused 
by damage to the auriculotemporal and great auricular 
nerves. During the proeess of healing, the parasympathetie 
seeretomotor fibers in the auriculotemporal nerve grovv 
out and join the distal end of the great auricular nerve. 
Eventually, these fibers reaeh the svveat glands in the 
faeial skin. By this means, a stimulus intended for saliva 
production produces svveat seeretion instead. 

V___ J 


Submandibular Gland 

The submandibular gland eonsists of a mixture of serous 
and mucous aeini. It lies beneath the lower border of the 
body of the mandible (Fig. 11.86) and is divided into 
superficial and deep parts by the mylohyoid muscle. The 
deep part of the gland lies beneath the mucous membrane 
of the mouth on the side of the tongue. The submandibular 
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FIGURE 11.85 Parotid gland and its relations. A. Lateral surface of the gland and the course of the parotid duct. B. Horizontal 
seetion of the parotid gland. 
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FIGLIRE 11.86 A. Submandibular and sublingual salivary glands (lateral vlew). B. Goronal seetion through the superficial and 
deep parts of the submandibular salivary glands. C. Goronal seetion (anterior to B) through the sublingual salivary glands and 
the ducts of the submandibular salivary glands. 


duct emerges from the anterior end of the deep part of the 
gland and runs forward beneath the mucous membrane 
of the mouth. It opens into the mouth on a small papilla, 
which is sitnated at the side of the frenulum of the tongue 
(Fig. 11.72). 

Nerve Supply 

Parasympathetie seeretomotor supply is from the faeial 
nerve via the ehorda tympani, and the submandibular 
ganglion. The postganglionie fibers pass direetly to the 
gland. 



Submandìbular Salìvary Gland: Calculus Formatìon 

The submandibular salivary gland is a eommon site of eal- 
culus formation. This eondition is rare in the other salivary 
glands. The presenee of a tense svvelling belovv the body of 
the mandible, vvhieh is greatest before or during a meal and 
is reduced in size or absent betvveen meals, is diagnostie of 
the eondition. Examination of the floor of the mouth vvill reveal 

(continued) 
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absenee of ejeetion of saliva from the orifiee of the duct of the 
affeeted gland. Frequently, the stone ean be palpated in the 
duct, vvhieh lies belovv the mucous membrane of the floor of 
the mouth. 

Enlargement of the Snbmandìbnlar Lymph Nodes 
and Swelling of the Snbmandíbnlar Salívary Gland 

The submandibular lymph nodes are eommonly enlarged as 
a result of a pathologie eondition of the sealp, faee, maxillary 
sinus, or mouth eavity. One of the most eommon causes of 
painful enlargement of these nodes is acute infeetion of the 
teeth. Enlargement of these nodes should not be confused 
vvith pathologie svvelling of the submandibular salivary gland. 

\___ J 


Sublingual Gland 

The sublingual gland lies beneath the mucous membrane 
(sublingual fold) of the floor of the mouth, elose to the 
frenulum of the tongue (Fig. 11.86). It has both serous and 
mucous aeini, with the latter predominating. The sublin- 
gual ducts (8 to 20 in number) open into the mouth on the 
summit of the sublingual fold (Fig. 11.72). 

Nerve Supply 

Parasympathetie seeretomotor supply is from the faeial 
nerve via the ehorda tympani, and the submandibular gan- 
glion. Postganglionie flbers pass direetly to the gland. 



Sublìngual Salìvary Gland and Gyst Formation 

The sublingual salivary gland, vvhieh lies beneath the sub- 
lingual fold of the floor of the mouth, opens into the mouth 
by numerous small ducts. Bloekage of one of these ducts is 
believed to be the cause of eysts under the tongue. 

V___ J 


The Pharynx 

The pharynx is sitnated behind the nasal eavities, the 
mouth, and the larynx (Fig. 11.87) and may be divided into 
nasal, oral, and laryngeal parts. The pharynx is flmnel 
shaped, its upper, wider end lying under the skull and its 
lower, narrow end beeoming continuous with the esopha- 
gus opposite the 6th eervieal vertebra. The pharynx has a 
musculomembranous wall, which is defleient anteriorly. 
Here, it is replaeed by the posterior openings into the nose 
(ehoanae), the opening into the mouth, and the inlet of the 
larynx. By means of the anditory tube, the mucous mem- 
brane is also continuous with that of the tympanie eavity. 

Muscles of the Pharynx 

The mnseles in the wall of the pharynx eonsist of the 
superior, middle, and inferior eonstrietor muscles 
(Fig. 11.80A), whose flbers run in a somewhat eirenlar 
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FIGLIRE 11.87 Sagittal seetion through the nose, nnouth, 
pharynx, and larynx to show the subdivisions of the pharynx. 


direetion, and the stylopharyngeus and salpingopharyn- 
geus muscles, whose flbers run in a somewhat longitndinal 
direetion. 

The three eonstrietor mnseles extend around the phar- 
yngeal wall to be inserted into a flbrons band or raphe that 
extends from the pharyngeal tnberele on the basilar part 
of the oeeipital bone of the skull down to the esophagns. 
The three eonstrietor mnseles overlap eaeh other so that 
the middle eonstrietor lies on the ontside of the lower part 
of the snperior eonstrietor and the inferior eonstrietor lies 
ontside the lower part of the middle eonstrietor (Fig. 11.88). 

The lower part of the inferior eonstrietor, which arises 
from the erieoid eartilage, is ealled the cricopharyngeus 
muscle (Fig. 11.88). The flbers of the erieopharyngens pass 
horizontally around the lowest and narrowest part of the 
pharynx and aet as a sphineter. Killian’s dehiseenee is the 
area on the posterior pharyngeal wall between the upper 
propulsive part of the inferior eonstrietor and the lower 
sphineterie part, the erieopharyngens. 

The details of the origins, insertions, nerve supply, 
and aetions of the pharyngeal mnseles are snmmarized in 
Table 11.10. 

Interior of the Pharynx 

The pharynx is divided into three parts: the nasal pharynx, 
the oral pharynx, and the laryngeal pharynx. 

Nasal Pharynx 

This lies above the sofl palate and behind the nasal eavities 
(Fig. 11.87). In the submucosa of the roof is a eolleetion of 
lymphoid tissue ealled the pharyngeal tonsil (Fig. 11.89). 
The pharyngeal isthmns is the opening in the floor between 
the sofl palate and the posterior pharyngeal wall. On the 
lateral wall is the opening of the anditory tube, the elevated 
ridge of which is ealled the tubal elevation (Fig. 11.89). 
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FIGLIRE 11.88 The pharynx seen from behind. A. Note the three eonstrietor muscles and the position of the stylopharyngeus 
muscles. B.The greater part of the posterior vvall of the pharynx has been removed to display the nasal, oral, and laryngeal 
parts of the pharynx. 


TABLE 11.1 


Muscle 



Muscles of the Pharynx 

Origin 


Insertion 


Nerve Supply Aetion 



Superior eonstrietor Medial pterygoid plate, pterygoid Pharyngeal tubercle of Pharyngeal 

hamulus, pterygomandibular oeeipital bone, raphe plexus 

ligament, mylohyoid line of mandible in midline posteriorly 


Aids soft palate in elosing 
off nasal pharynx, 
propels bolus downward 


Middle eonstrietor Lower part of stylohyoid ligament, 

lesser and greater cornu of hyoid 
bone 

Inferior eonstrietor Lamina of thyroid eartilage, erieoid 

eartilage 

Cricopharyngeus Lowest fibers of inferior eonstrietor 

muscle 

Stylopharyngeus Styloid proeess of temporal bone 


Pharyngeal raphe 


Pharyngeal raphe 


Posterior border of 
thyroid eartilage 


Salpingopharyngeus Auditorytube 
Palatopharyngeus Palatine aponeurosis 


Blends with 
palatopharyngeus 

Posterior border of 
thyroid eartilage 


Pharyngeal 

plexus 

Propels bolus downward 

Pharyngeal 

plexus 

Propels bolus downward 


Sphineter at lower end of 
pharynx 

Glossopharyngeal 

nerve 

Elevates larynx during 
swallowing 

Pharyngeal 

plexus 

Elevates pharynx 

Pharyngeal 

plexus 
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FIGURE 11.89 Sagittal seetion of the head and neek, shovving the relations of the nasal eavity, nnouth, pharynx, and larynx 


The pharyngeal reeess is a depression in the pharyngeal 
wall behind the tnbal elevation. The salpingopharyngeal 
fold is a vertieal fold of mneons membrane eovering the 
salpingopharyngens mnsele. 

Oral Pharynx 

This lies behind the oral eavity (Fig. 11.87). The floor is 
formed by the posterior one third of the tongne and the 
interval between the tongne and epiglottis. In the midline is 
the median glossoepiglottie fold (Fig. 11.77), and on eaeh 
side the lateral glossoepiglottie fold. The depression on eaeh 


side of the median glossoepiglottie fold is ealled the valleenla 
(Fig. 11.77). 

On the lateral wall on eaeh side are the palatoglossal and 
the palatopharyngeal arehes or folds and the palatine tonsils 
between them (Fig. 11.89). The palatoglossal areh is a fold of 
mneons membrane eovering the palatoglossns mnsele. The 
interval between the two palatoglossal arehes is ealled the 
oropharyngeal isthmns and marks the bonndary between 
the month and pharynx. The palatopharyngeal areh is a fold 
of mneons membrane eovering the palatopharyngens mus- 
ele. The reeess between the palatoglossal and palatopharyn- 
geal arehes is occupied by the palatine tonsil. 



The Lymphoid Tíssue of the Pharynx 

Atthe junction ofthe mouth with the oral partofthe pharynx, and 
the nose with the nasal part of the pharynx, are eolleetions of 
lymphoid tissue of eonsiderable elinieal importanee. The palatine 
tonsils and the nasopharyngeal tonsils are the most important. 

Tonsils and Tonsillitis 

The palatine tonsils reaeh their maximum normal size in early 
ehildhood. After puberty, together with other lymphoid tissues in 
the body, they gradually atrophy. The palatine tonsils are a eom- 
mon site of infeetion, producing the eharaeteristie sore throat 
and pyrexia. The deep eervieal lymph node situated below and 
behind the angle of the mandible, which drains lymph from this 


organ, is usually enlarged and tender. Recurrent attaeks of ton- 
sillitis are besttreated by tonsilleetomy. After tonsilleetomy, the 
external palatine vein, which lies lateral to the tonsil, may be the 
source of troublesome postoperative bleeding. 

Quinsy 

A peritonsillar abseess (quinsy) is caused by spread of infeetion 
from the palatine tonsil to the loose eonneetive tissue outside the 
capsule (Fig. 11.90). 

The nasopharyngeal tonsil or the pharyngeal tonsil eonsists 
of a eolleetion of lymphoid tissue beneath the epithelium of the 
roof of the nasal part of the pharynx. Like the palatine tonsil, it 
is largest in early ehildhood and starts to atrophy after puberty. 
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Adenoìds 

Excessive hypertrophy of the lymphoid tissue, usually assoei- 
ated with infeetion, causes the pharyngeal tonsils to beeome 
enlarged; they are then eommonly referred to as adenoids. 
Marked hypertrophy bloeks the posterior nasal openings and 
causesthe patientto snore loudly atnightandto breathethrough 


the open mouth. The elose relationship of the infeeted lymphoid 
tissue to the auditory tube may be the cause of deafness and 
recurrent otitis media. Adenoideetomy is the treatment of ehoiee 
for hypertrophied adenoids with infeetion. 

The nasal part of the pharynx may be viewed elinieally by a 
mirror passed through the mouth (Fig. 11.91). 


Laryngeal Pharynx 

This lies behind the opening into the larynx (Fig. 11.87). 
The lateral wall is formed by the thyroid eartilage and the 
thyrohyoid membrane. The piriform fossa is a depression 
in the mneons membrane on eaeh side of the laryngeal inlet 
(Fig. 11.88). 

Sensory Nerve Snpply of the Pharyngeal 
Mneons Memhrane 

Nasal pharynx: The maxillary nerve (V2) 

Oral pharynx: The glossopharyngeal nerve 


Laryngeal pharynx (aronnd the entranee into the larynx): 
The internal laryngeal braneh of the vagns nerve 

Blood Snpply of the Pharynx 

Aseending pharyngeal, tonsillar branehes of faeial arteries, 
and branehes of maxillary and lingnal arteries 

Lymph Drainage of the Pharynx 

Direetly into the deep eervieal lymph nodes or indireetly 
via the retropharyngeal or paratraeheal nodes into the deep 
eervieal nodes 
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FIGURE 11.90 Horizontal seetion through the mouth and the oral pharynx. Left.The normal palatine tonsil and its relationships. 
Right.The position of a peritonsillar abseess. Note the relationship of the abseess to the superior eonstrietor muscle and the 
earotid sheath.The opening into the larynx ean also be seen belovv and behind the tongue. 
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FIGURE 11.91 A. Sagittal seetion through the nose, nnouth, 
larynx, and pharynx shovving the position of the mirror in pos- 
terior rhinoseopy. B. Structures seen in postehor rhinoseopy. 



e L 


N I e A L 


N 0 T E S 



Pìrìform Fossa and Foreìgn Bodìes 

The piriform fossa is a reeess of mucous membrane situated 
on either side ofthe entranee of the larynx. Itis bounded medi- 
ally by the aryepiglottie folds and laterally by the thyroid ear- 
tilage. eiinieally, it is important because it is a eommon site 
for the lodging of sharp ingested bodies such as fish bones. 
The presenee of such a foreign body immediately causes the 
patientto gag violently. Onee the objeet has beeome jammed, 
it is difficult for the patient to remove it without a physieian's 
assistanee. 


Pharyngeal Poneh 

Examination of the lower part of the posterior surface of the 
inferior eonstrietor muscle reveals a potential gap between 
the upper oblique and the lower horizontal fibers (erieopha- 
ryngens). This area is marked by a dimple in the lining mucous 


membrane. It is believed that the function of the erieopharyn- 
geus is to prevent the entry of air into the esophagus. Should 
the cricopharyngeus fail to relax during swallowing, the inter- 
nal pharyngeal pressure may rise and foree the mucosa and 
submucosa of the dimple posteriorly, to produce a diverticu- 
lum. Onee the diverticulum has been formed, it may gradually 
enlarge and fill with food with eaeh meal. Llnable to expand 
posteriorly because of the vertebral column, it turns down- 
ward, usually on the left side. The presenee of the pouch filled 
with food causes difficulty in swallowing (dysphagia). 

Gervíeal Tuberculous Osteomyelítís and the 
Pharynx 

Pus arising from tuberculosis of the upper eervieal vertebrae 
is limited in front by the prevertebral layer of deep faseia. A 
midline swelling is formed and bulges forward in the posterior 
wall of the pharynx. The pus then traeks laterally and down- 
ward behind the earotid sheath to reaeh the posteriortriangle. 
Here, the faseia, which forms a eovering to the muscular floor 
of the triangle, is weaker, and the abseess points behind the 
sternoeleidomastoid. Rarely, the abseess may traek down- 
ward behind the prevertebral faseia to reaeh the superior and 
posterior mediastina in the thorax. 

It is importantto distinguish this eondition from an abseess 
involving the retropharyngeal lymph nodes. These nodes líe ín 
front of the prevertebral layer of faseia but behind the faseia, 
which eovers the outer surface of the eonstrietor muscles. 
Such an abseess usually points on the posterior pharyngeal 
wall and, if untreated, ruptures into the pharyngeal eavity. 

V___ J 


The Proeess of Swallowing (Deglntition) 

Mastieated food is formed into a ball or bolns on the dor- 
sum of the tongue and volnntarily pushed upward and 
backward against the undersurface of the hard palate. This 
is brought about by the eontraetion of the styloglossns mus- 
eles on both sides, which pull the root of the tongue upward 
and backward. The palatoglossns mnseles then squeeze the 
bolus backward into the pharynx. From this point onward, 
the proeess of swallowing beeomes an involnntary aet. 

The nasal part of the pharynx is now shut off from the 
oral part of the pharynx by the elevation of the soft palate, 
the pnlling forward of the posterior wall of the pharynx 
by the upper fibers of the superior eonstrietor muscle, and 
the eontraetion of the palatopharyngens mnseles. This pre- 
vents the passage of food and drink into the nasal eavities. 

The larynx and the laryngeal part of the pharynx are 
pulled upward by the eontraetion of the stylopharyngens, 
salpingopharyngens, thyrohyoid, and palatopharyngens 
mnseles. The main part of the larynx is thus elevated to the 
posterior surface of the epiglottis, and the entranee into the 
larynx is elosed. The laryngeal entranee is made smaller by 
the approximation of the aryepiglottie folds, and the aryt- 
enoid eartilages are pulled forward by the eontraetion of the 
aryepiglottie, oblique arytenoid, and thyroarytenoid mnseles. 

The bolus moves downward over the epiglottis, the elosed 
entranee into the larynx, and reaehes the lower part of the 
pharynx as the result of the successive eontraetion of the 


(eontinaedj 
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superior, middle, and inferior eonstrietor muscles. Some of 
the food slides down the groove on either side of the entranee 
into the larynx, that is, down throngh the piriform fossae. 
Finally, the lower part of the pharyngeal wall (the erieopharyn- 
geus muscle) relaxes and the bolus enters the esophagns. 

PalatineTonsils 

The palatine tonsils are two masses of lymphoid tissue, 
eaeh loeated in the depression on the lateral wall of the 
oral part of the pharynx between the palatoglossal and 
palatopharyngeal arehes (Fig. 11.90). Eaeh tonsil is eovered 
by mucous membrane, and its free medial snrfaee projeets 
into the pharynx. The snrfaee is pitted by numerous small 
openings that lead into the tonsillar erypts. 

The tonsil is eovered on its lateral snrfaee by a fibrons 
eapsnle (Fig. 11.90). The eapsnle is separated from the supe- 
rior eonstrietor muscle by loose areolar tissue (Fig. 11.90), 
and the external palatine vein deseends from the soft palate 
in this tissue to join the pharyngeal venous plexus. Lateral to 
the superior eonstrietor muscle lie the styloglossus muscle, 
the loop of the faeial artery, and the internal earotid artery. 

The tonsil reaehes its maximum size during early ehild- 
hood, but after puberty it diminishes eonsiderably in size. 

Blood Supply 

The tonsillar braneh of the faeial artery. The veins pieree 
the snperior eonstrietor muscle and join the external pala- 
tine, the pharyngeal, or the faeial veins. 

Lymph Drainage of theTonsil 

The upper deep eervieal lymph nodes, just below and 
behind the angle of the mandible. 

VValdeyer's Ring of LymphoidTissue 

The lymphoid tissue that surrounds the opening into 
the respiratory and digestive systems forms a ring. The 
lateral part of the ring is formed by the palatine tonsils 
and tubal tonsils (lymphoid tissue around the opening 
of the anditory tube in the lateral wall of the nasopharynx). 
The pharyngeal tonsil in the roof of the nasopharynx forms 
the upper part, and the lingnal tonsil on the posterior third 
of the tongue forms the lower part. 

The Esophagus 

The esophagus is a muscular tube about 10 in. (25 em) 
long, extending from the pharynx to the stomaeh (Figs. 
11.13 and 11.88). It begins at the level of the erieoid ear- 
tilage, opposite the body of the sixth eervieal vertebra. It 
eommenees in the midline, but as it deseends throngh the 
neek, it inelines to the left side. Its ftirther course in the tho- 
rax is deseribed on page 100. 

Relations in the Neek 

■ Anteriorly: The traehea; the reenrrent laryngeal nerves 
aseend one on eaeh side, in the groove between the tra- 
ehea and the esophagns (Fig. 11.49). 

■ Posteriorly: The prevertebral layer of deep eervieal 
faseia, the longus eolli, and the vertebral column 
(Fig. 11.49) 


■ Laterally: On eaeh side lie the lobe of the thyroid gland 
and the earotid sheath (Fig. 11.49) 

Blood Snpply in the Neek 

The arteries of the esophagns in the neek are derived from 
the inferior thyroid arteries. The veins drain into the infe- 
rior thyroid veins. 

Lymph Drainage in the Neek 

The lymph vessels drain into the deep eervieal lymph nodes. 

Nerve Snpply in the Neek 

The nerves are derived from the reenrrent laryngeal nerves 
and from the sympathetie trunks. 

The Respiratory System in the Head 
and Neek 

The Nose 

The nose eonsists of the external nose and the nasal eavity, 
both of which are divided by a septum into right and left 
halves. 

Extemal Nose 

The external nose has two elliptieal orifiees ealled the nos- 
trils, which are separated from eaeh other by the nasal 
septnm (Fig. 11.92). The lateral margin, the ala nasi, is 
ronnded and mobile. 

The framework of the external nose is made up above by 
the nasal bones, the frontal proeesses of the maxillae, and 
the nasal part of the frontal bone. Below, the framework is 
formed of plates of hyaline eartilage (Fig. 11.92). 

Blood Supply of the External Nose 

The skin of the external nose is snpplied by branehes of the 
ophthalmie and the maxillary arteries (see page 598). The 
skin of the ala and the lower part of the septum are sup- 
plied by branehes from the faeial artery. 

Nerve Supply of the External Nose 

The infratroehlear and external nasal branehes of the oph- 
thalmie nerve (CN V) and the infraorbital braneh of the 
maxillary nerve (CN V) (see page 608). 

Nasal Gavity 

The nasal eavity extends from the nostrils in front to the 
posterior nasal apertnres or ehoanae behind, where the 
nose opens into the nasopharynx. The nasal vestibnle 
is the area of the nasal eavity lying just inside the nostril 
(Fig. 11.93). The nasal eavity is divided into right and left 
halves by the nasal septnm (Fig. 11.92). The septum is 
made up of the septal eartilage, the vertieal plate of the 
ethmoid, and the vomer. 

VValls of the Nasal Cavity 

Eaeh half of the nasal eavity has a fioor, a roof, a lateral wall, 
and a medial or septal wall. 
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FIGURE 11.92 External nose and nasal septunn. A. Lateral vievv of bony and cartilaginous skeleton of external nose. B. Ante- 
rior vievv of bony and cartilaginous skeleton of external nose. C. Bony and cartilaginous skeleton of nasal septnm. 


Floor 

The palatine proeess of the maxilla and the horizontal plate 
of the palatine bone (Fig. 11.92) 

Roof 

The roof is narrow and is formed anteriorly beneath the 
bridge of the nose by the nasal and frontal bones, in the 
middle by the eribriform plate of the ethmoid, loeated 
beneath the anterior eranial fossa, and posteriorly by the 
downward sloping body of the sphenoid (Fig. 11.93). 


Lateral Wall 

The lateral wall has three projeetions of bone ealled the 
superior, middle, and inferior nasal eonehae (Fig. 11.93). 
The spaee below eaeh eoneha is ealled a meatus. 

Sphenoethmoidal Reeess The sphenoethmoidal reeess 
is a small area above the snperior eoneha. It reeeives the 
opening of the sphenoid air sinus (Fig. 11.93). 

Superior Meatus The snperior meatns lies below the 
snperior eoneha (Fig. 11.93). It reeeives the openings of the 
posterior ethmoid sinuses. 
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FIGURE 11.93 A. Lateral vvall of the right nasal eavity. B. Lateral vvall of the right nasal eavity; the superior, middle, and inferior 
eonehae have been partially removed to shovv openings of the paranasal sinuses and the nasolaerimal duct into the meati. 
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Middle Meatus The middle meatus lies below the middle 
eoneha. It has a rounded swelling ealled the bulla ethmoi- 
dalis that is formed by the middle ethmoidal air sinuses, 
which open on its upper border. A curved opening, the hia- 
tus semilunaris, lies just below the bulla (Fig. 11.93). The 
anterior end of the hiatus leads into a fnnnel-shaped ehan- 
nel ealled the infundibulum, which is continuous with the 
frontal sinus. The maxillary sinus opens into the middle 
meatus through the hiatus semilunaris. 

Inferior Meatus The inferior meatus lies below the infe- 
rior eoneha and reeeives the opening of the lower end of the 
nasolaerimal duct, which is gnarded by a fold of mucous 
membrane (Fig. 11.93). 

MedialVVall 

The medial wall is formed by the nasal septum. The upper 
part is formed by the vertieal plate of the ethmoid and 
the vomer (Fig. 11.92). The anterior part is formed by 
the septal eartilage. The septum rarely lies in the midline, 
thus inereasing the size of one half of the nasal eavity and 
deereasing the size of the other. 

Mucous Membrane of the Nasal Gavity 

The vestibnle is lined with modified skin and has eoarse 
hairs. The area above the snperior eoneha is lined with 
olfaetory mucous membrane and eontains nerve endings 
sensitive to the reeeption of smell. The lower part of the 
nasal eavity is lined with respiratory mucous membrane. A 
large plexus of veins in the submucous eonneetive tissue is 
present in the respiratory region. 

Function of VVarnn Blood and Mucus of Mucous 
Mennbrane 

The presenee of warm blood in the venous plexuses serves 
to heat up the inspired air as it enters the respiratory sys- 
tem. The presenee of mucus on the snrfaees of the eonehae 
traps foreign partieles and organisms in the inspired air, 
which are then swallowed and destroyed by gastrie aeid. 

Nerve Supply of the Nasal Gavity 

The olfaetory nerves from the olfaetory mucous membrane 
aseend throngh the eribriform plate of the ethmoid bone 


to the olfaetory bulbs (Fig. 11.94). The nerves of ordinary 
sensation are branehes of the ophthalmie division (VI) 
and the maxillary division (V2) of the trigeminal nerve 
(Fig. 11.94). 

Blood Supply to the Nasal Gavity 

The arterial supply to the nasal eavity is from branehes of 
the maxillary artery, one of the terminal branehes of the 
external earotid artery. The most important braneh is the 
sphenopalatine artery (Fig. 11.95). The sphenopalatine 
artery anastomoses with the septal braneh of the snperior 
labial braneh of the faeial artery in the region of the vesti- 
bule. The submucous venous plexus is drained by veins that 
aeeompany the arteries. 

Lymph Drainage of the Nasal Gavity 

The lymph vessels draining the vestibnle end in the subman- 
dibnlar nodes. The remainder of the nasal eavity is drained 
by vessels that pass to the upper deep eervieal nodes. 

The Paranasal Sinnses 

The paranasal sinnses are eavities found in the interior of the 
maxilla, frontal, sphenoid, and ethmoid bones (Fig. 11.97). 
They are lined with mucoperiosteum and filled with air; 
they eommnnieate with the nasal eavity throngh relatively 
small apertnres. The maxillary and sphenoidal sinnses are 
present in a rndimentary form at birth; they enlarge appre- 
eiably after the eighth year and beeome fiilly formed in 
adoleseenee. 

Drainage of Mucus and Function of Paranasal 
Sinuses 

The mucus produced by the mucous membrane is moved 
into the nose by eiliary aetion of the eolnmnar eells. Drain- 
age of the mucus is also aehieved by the siphon aetion ere- 
ated during the blowing of the nose. The fimetion of the 
sinnses is to aet as resonators to the voiee; they also reduce 
the weight of the skull. When the apertnres of the sinnses 
are bloeked or they beeome filled with fiuid, the quality of 
the voiee is markedly ehanged. 
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FIGLIRE 11.94 A. Lateral vvall of nasal eavity shovving sensory innervation of nnucous membrane. B. Nasal septum shovving 
sensory innervation of mucous membrane. 









642 GHAPTERll The Head and Neek 


branehes 

from 

faeial 

artery 


A 


greater palatine 
artery (maxillary) 


anterior ethmoidal 

artery (ophthalmie) 

posterior ethmoidal 

artery (ophthalmie) 



posterior ethmoidal 
artery (ophthalmie) 


sphenopalatine 

artery 

(maxillary) 


septal branehes of 
sphenopalatine artery 

(maxillary) 



lesser palatine 
artery (maxillary) 


B 


lesser palatine 
artery (maxillary) 


anterior ethmoidal 
artery (ophthalmie) 


Kiesselbaeh’s 

area 


septal braneh 
from faeial 
artery 


greater palatine 
artery (maxillary) 


FIGURE 11.95 A. Lateral wall of nasal eavity showing the arterial supply of the nnucous nnennbrane. B. Nasal septnm showing 
the arterial supply of the mucous membrane. 



Examìnatìon of the Nasal Gavìty 

Examination of the nasal eavity may be earried out by inserting 
a speculum through the external nares or by means of a mirror 
in the pharynx. In the latter ease, the ehoanae and the posterior 
border of the septum ean be visualized (Fig. 11.91). 

It should be remembered thatthe nasal septum is rarely situ- 
ated in the midline. A severely deviated septum may interfere 
with drainage of the nose and the paranasal sinuses. 

Tranma to the Nose 

Fractures involving the nasal bones are eommon. Blows direeted 
from the front may cause one or both nasal bones to be dis- 
plaeed downward and inward. Lateral fractures also occur in 
which one nasal bone is driven inward and the other outward; 
the nasal septum is usually involved. 

infeetìon of the Nasal Gavìty 

infeetion of the nasal eavity ean spread in a variety of diree- 
tions. The paranasal sinuses are espeeially prone to infeetion. 


Organisms may spread via the nasal part of the pharynx and the 
auditory tube to the middle ear. It is possible for organisms to 
aseend to the meninges of the anterior eranial fossa, along the 
sheaths of the olfaetory nerves through the eribriform plate, and 
produce meningitis. 

Foreìgn Bodies ín the Nose 

Foreign bodies in the nose are eommon in ehildren. The pres- 
enee of the nasal septum and the existence of the folded, shelf- 
like eonehae make impaetion and retention of balloons, peas, 
and small toys relatively easy. 

Nose Bleedíng 

Epistaxis, or bleeding from the nose, is a frequent eondition. 
The most eommon cause is nose pieking. The bleeding may be 
arterial or venous, and most episodes occur on the anteroinfe- 
rior portion of the septum and involve the septal branehes of the 
sphenopalatine and faeial vessels. 






EMBRYOLOGie NOTES 


Development of the Nose 

The roof of the nose is formed from the lateral nasal proeesses, 
from which the lateral walls also are formed, with the assistanee 
of the maxillary proeesses (Fig. 11.43). The anterior openings of 
the nose begin as olfaetory pits in the frontonasal proeess. Eaeh 
olfaetory pit is bounded medially by the medial nasal proeess, 
laterally by the lateral nasal proeess, and inferiorly by the maxil- 


lary proeess. As these proeesses fuse, the olfaetory pits beeome 
deeper and form well-defined blind saes, the opening into eaeh 
of which isthe nostril. 

The floor of the nose at first is very short and eonsists of 
the medial nasal proeess and the anterior part of the maxillary 
proeess on eaeh side. At this stage, the floors of the olfaetory 
pits rupture so that the nasal eavities communicate with the 


(continued) 
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developing mouth (Fig. 11.82). Meanvvhile, the nasal septum is 
forming as a dovvngrovvth from the medial nasal proeess (Fig. 
11.82). Later, the palatal proeesses ofthe maxilla grovv medially 
and fuse vvith eaeh other and vvith the nasal septum, thus eom- 
pleting the floor of the nose. Eaeh nasal eavity therefore eom- 
municates anteriorly vvith the exterior through the nostril and 
posteriorly through the ehoana vvith the nasopharynx. 

In the early stages of development, the nose is a much-flat- 
tened structure and gains its reeognizable form only after the 
faeial development is eomplete. 

V___ 


Median Nasal Furrow 

In median nasal furrow, the nasal septum is split, separating the 
two halves of the nose (Fig. 11.96A). 

Lateral Proboseis 

In lateral proboseis, a skin-eovered proeess develops, usually 
with a dimple at its lower end (Fig. 11.96B). 

J 


Maxillary Sinus 

The maxillary sinus is pyramidal in shape and loeated 
within the body of the maxilla behind the skin of the eheek 
(Fig. 11.97). The roof is formed by the floor of the orbit, and 
the floor is related to the roots of the premolars and molar 
teeth. The maxillary sinus opens into the middle meatus of 
the nose throngh the hiatus semilunaris (Fig. 11.97). 



B 

FIGURE 11.96 A. Median nasal furrow in which the nasal 
septym has eompletely split, separating the two halves of 
the nose. Note that the external nares are separated by a 
wide furrow. (Courtesy of L. Thompson.) B. Lateral probos- 
eis. (Courtesy of R. Chase.) 
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FIGURE 11.97 A.The position of the paranasal sinuses in 
relation to the faee. B. Coronal seetion through the nasal 
eavity showing the ethmoidal and the maxillary sinuses. 


Frontal Sinuses 

The two frontal sinuses are eontained within the frontal 
bone (Fig. 11.97). They are separated from eaeh other by 
a bony septum. Eaeh sinus is roughly triangular, extending 
upward above the medial end of the eyebrow and backward 
into the medial part of the roof of the orbit. 

Eaeh frontal sinus opens into the middle meatus of the 
nose throngh the infundibulum (Eig. 11.93). 
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TABLE 1 1 .nj 

Paranasal Sinnses and Their 
Site of Drainage into the Nose* 

Sinus 

Site of Drainage 

Maxillary sinus 

Middle meatus through hiatus semi- 
lunaris 

Frontal sinuses 

Middle meatus via infundibulum 

Sphenoidal sinuses 

Sphenoethmoidal reeess 

Ethmoidal sinuses 


Anterior group 

lnfundibulum and into middle meatus 

Middle group 

Middle meatus on or above bulla 
ethmoidalis 

Posterior group 

Superior meatus 


*Note that maxillary and sphenoidal sinoses are present in rodimentary form at 
birth, enlarge appreeiably afterthe eighth year, and are fully formed in adoleseenee. 


Sphenoidal Sinuses 

The two sphenoidal sinnses lie within the body of the sphe- 
noid bone (Fig. 11.97). Eaeh sinns opens into the sphe- 
noethmoidal reeess above the snperior eoneha. 

Ethmoid Sinuses 

The ethmoidal sinnses are anterior, middle, and posterior 
and they are eontained within the ethmoid bone, between 
the nose and the orbit (Fig. 11.97). They are separated from 
the latter by a thin plate of bone so that infeetion ean readily 
spread from the sinnses into the orbit. The anterior sinnses 
open into the infnndibnlnm; the middle sinnses open into 
the middle meatns, on or above the bnlla ethmoidalis; and 
the posterior sinnses open into the snperior meatns. 

The varions sinnses and their openings into the nose are 
snmmarized in Table 11.11. 



Sìnusìtìs and the Exaniìnatìon of the Paranasal 
Sìnuses 

infeetion of the paranasal sinoses is a eommon eompliea- 
tion of nasal infeetions. Rarely, the cause of maxillary sinus- 
itis is extension from an apieal dental abseess. The frontal, 
ethmoidal, and maxillary sinuses ean be palpated elinieally 
for areas of tenderness. The frontal sinus ean be examined 
by pressing the finger upward beneath the medial end of the 
superior orbital margin. Here, the floor of the frontal sinus is 
elosest to the surface. 

The ethmoidal sinuses ean be palpated by pressing the 
finger medially againstthe medial wall of the orbit. The maxil- 
lary sinus ean be examined fortenderness by pressing the fin- 
ger against the anterior wall of the maxilla below the inferior 
orbital margin; pressure overthe infraorbital nerve may reveal 
inereased sensitivity. 


Direeting the beam of a flashlight eitherthrough the roof of 
the mouth orthrough the eheek in a darkened room will often 
enable a physieian to determine whetherthe maxillary sinus is 
full of inflammatoryfluid ratherthan air. This method of transil- 
lumination is simple and effeetive. Radiologie examination of 
the sinuses is also most helpful in making a diagnosis. One 
should always eompare the elinieal findings of eaeh sinus on 
the two sides of the body. 

The frontal sinus is innervated by the supraorbital nerve, 
which also supplies the skin of the forehead and sealp as far 
baek as the vertex. It is, therefore, not surprising that patients 
with frontal sinusitis have pain referred over this area. The 
maxillary sinus is innervated by the infraorbital nerve and, in 
this ease, pain is referred to the upper jaw, including the teeth. 

The frontal sinus drains into the hiatus semilunaris, via the 
infundibulum, elose to the orifiee of the maxillary sinus on the 
lateral wall of the nose. It is thus not unexpected to find that 
a patient with frontal sinusitis nearly always has a maxillary 
sinusitis. The maxillary sinus is particularly prone to infeetion 
because its drainage orifiee through the hiatus semilunaris is 
badly plaeed near the roof of the sinus. In other words, the 
sinus has to fill up with fluid before it ean effeetively drain with 
the person in the upright position. The relation of the apiees of 
the roots of the teeth in the maxilla to the floor of the maxillary 
sinus was already emphasized. 

V___ J 


Grossing of Air and Food Pathways in the 
Pharynx 

It is in the pharynx that the air and food pathways eross. 
This is made possible by the presenee of the soft palate, 
which serves as a flap valve. This flap shnts off the month 
from the oropharynx, for example, dnring the proeess of 
chewing food so that breathing may eontinne nnaffeeted. 
The eompletely raised soft palate ean shut off the nasophar- 
ynx from the oropharynx, thus preventing food entering 
the nasopharynx in swallowing (see page XXX). When it is 
desirable to direet the maximum amount of air in and out 
of the larynx, the soft palate is raised to direet air throngh 
the mouth rather than the narrow eavities of the nose. Such 
an arrangement permits the expectoration of mucus from 
the respiratory system through the mouth. It also allows the 
maximum expiration of air throngh the mouth as in the 
use of wind instrnments such as the trumpet. 

The Larynx 

The larynx is an organ that provides a proteetive sphineter 
at the inlet of the air passages and is responsible for voiee 
prodnetion. It is sitnated below the tongue and hyoid bone 
and between the great blood vessels of the neek and lies 
at the level of the fourth, flfth, and sixth eervieal vertebrae 
(Fig. 11.87). It opens above into the laryngeal part of the 
pharynx, and below is continuous with the traehea. The 
larynx is eovered in front by the infrahyoid strap mnseles 
and at the sides by the thyroid gland. 

The framework of the larynx is formed of eartilages that 
are held together by ligaments and membranes, moved by 
mnseles, and lined by mucous membrane. 


(eontinaed) 
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Gartilages of the Larynx 

Thyroid eartilage: This is the largest eartilage of the lar- 
ynx (Fig. 11.98) and eonsists of two laminae of hyaline 
eartilage that meet in the midline in the prominent V 
angle (the so-ealled Adam s apple). The posterior border 
extends upward into a superior cornu and downward 
into an inferior cornu. On the outer surface of eaeh 
lamina is an oblique line for the attaehment of mnseles. 

Grieoid eartilage: This eartilage is formed of hyaline earti- 
lage and shaped like a signet ring, having a broad plate 
behind and a shallow areh in front (Fig. 11.98). The 
erieoid eartilage lies below the thyroid eartilage, and 
on eaeh side of the lateral snrfaee is a faeet for articu- 
lation with the inferior cornu of the thyroid eartilage. 


Posteriorly, the lamina has on its upper border on eaeh 
side a faeet for artienlation with the arytenoid eartilage. 
All these joints are synovial. 

Arytenoid eartilages: There are two arytenoid eartilages, 
which are small and pyramid shaped and loeated at the 
baek of the larynx (Fig. 11.98). They artienlate with the 
upper border of the lamina of the erieoid eartilage. Eaeh 
eartilage has an apex above that artienlates with the 
small eornienlate eartilage, a base below that artienlates 
with the lamina of the erieoid eartilage, and a voeal pro- 
eess that projeets forward and gives attaehment to the 
voeal ligament. A muscular proeess that projeets later- 
ally gives attaehment to the posterior and lateral erieoar- 
ytenoid mnseles. 
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FIGLIRE 11.98 The larynx and its ligaments from the front (A), from the lateral aspeet (B), and from behind (C). D.The left 
lamina of thyroid eartilage has been removed to display the interior of the larynx. 
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FIGURE 11.99 A. Muscles of the larynx seen from behind. B. Goronal seetion through the larynx. C. Rima glottidis partially 
open as in quiet breathing. D. Rima glottidis vvide open as in deep breathing. E. Muscles that move voeal ligaments. 


Corniculate eartilages: Two small eonieal-shaped eartilages 
artienlate with the arytenoid eartilages (Fig. 11.99). They 
give attaehment to the aryepiglottie folds. 

Cuneiform eartilages: These two small rod-shaped earti- 
lages are fonnd in the aryepiglottie folds and serve to 
strengthen them (Fig. 11.99). 

Epiglottis: This leaf-shaped lamina of elastie eartilage lies 
behind the root of the tongne (Fig. 11.98). Its stalk is 
attaehed to the baek of the thyroid eartilage. The sides 
of the epiglottis are attaehed to the arytenoid earti- 
lages by the aryepiglottie folds of mneons membrane. 
The npper edge of the epiglottis is free. The eovering 
of mneons membrane passes forward onto the pos- 
terior snrfaee of the tongne as the median glossoepi- 
glottie fold; the depression on eaeh side of the fold is 


ealled the valleenla (Fig. 11.90). Laterally, the mneons 
membrane passes onto the wall of the pharynx as the 
lateral glossoepiglottie fold. 

Membranes and Ligaments of the Larynx 

Thyrohyoid membrane: This eonneets the npper margin of 
the thyroid eartilage to the hyoid bone (Fig. 11.98). In the 
midline, it is thiekened to form the median thyrohyoid 
ligament. The membrane is piereed on eaeh side by the 
snperior laryngeal vessels and the internal laryngeal nerve, 
a braneh of the snperior laryngeal nerve (Fig. 11.80). 

Cricotracheal ligament: This eonneets the erieoid eartilage 
to the fìrst ring of the traehea (Fig. 11.98). 

Quadrangular membrane: This extends between the 
epiglottis and the arytenoid eartilages (Fig. 11.99). 
























Basie Anatomy 647 


Its thiekened inferior margin forms the vestibular liga- 
ment, and the vestibnlar ligaments form the interior of 
the vestibular folds (Fig. 11.99). 

Grieothyroid ligament: The lower margin is attaehed to 
the npper border of the erieoid eartilage (Fig. 11.99). 
The snperior margin of the ligament, instead of being 
attaehed to the thyroid eartilage, aseends on the medial 
snrfaee of the thyroid eartilage. Its npper free margin, 
eomposed almost entirely of elastie tissne, forms the 
important voeal ligament on eaeh side. The voeal 
ligaments form the interior of the voeal folds (voeal 
eords) (Fig. 11.99). The anterior end of eaeh voeal 
ligament is attaehed to the thyroid eartilage, and the 
posterior end is attaehed to the voeal proeess of the 
arytenoid eartilage. 

Inlet of the Larynx 

The inlet of the larynx looks backward and upward into 
the laryngeal part of the pharynx (Fig. 11.88). The opening 
is wider in front than behind and is bounded in front by 
the epiglottis, laterally by the aryepiglottie fold of mucous 
membrane, and posteriorly by the arytenoid eartilages 
with the eornienlate eartilages. The enneiform eartilage lies 
within and strengthens the aryepiglottie fold and prodnees 
a small elevation on the upper border. 

The Piriform Fossa 

The piriform fossa is a reeess on either side of the fold and 
inlet (Fig. 11.99). It is bonnded medially by the aryepiglot- 
tie fold and laterally by the thyroid eartilage and the thyro- 
hyoid membrane. 

Laryngeal Folds 

Vestibular Fold 

The vestibnlar fold is a fixed fold on eaeh side of the larynx 
(Fig. 11.98). It is formed by mucous membrane eovering 
the vestibnlar ligament and is vasenlar and pink in eolor. 

Voeal Fold (Voeal Cord) 

The voeal fold is a mobile fold on eaeh side of the lar- 
ynx and is eoneerned with voiee prodnetion. It is formed 
by mucous membrane eovering the voeal ligament and is 
avasenlar and white in eolor. The voeal fold moves with 
respiration and its white eolor is easily seen when viewed 
with a laryngoseope (Fig. 11.99). 

The gap between the voeal folds is ealled the rima glotti- 
dis or glottis (Fig. 11.99). The glottis is bonnded in front by 
the voeal folds and behind by the medial snrfaee of the aryte- 
noid eartilages. The glottis is the narrowest part of the larynx 
and measnres about 2.5 em from front to baek in the male 
adult and less in the female. In ehildren, the lower part of 
the larynx within the erieoid eartilage is the narrowest part. 

Gavity of the Larynx 

The eavity of the larynx extends from the inlet to the lower 
border of the erieoid eartilage, where it is continuous with 
the eavity of the traehea. It is divided into three regions: 

The vestibule, which is sitnated between the inlet and the 
vestibnlar folds 


The middle region, which is sitnated between the vestibn- 
lar folds above and the voeal folds below 
The lower region, which is sitnated between the voeal folds 
above and the lower border of the erieoid eartilage below 

Sinus of the Larynx 

The sinus of the larynx is a small reeess on eaeh side of the 
larynx sitnated between the vestibnlar and voeal folds. It is 
lined with mucous membrane (Fig. 11.99). 

Saccule of the Larynx 

The saeenle of the larynx is a diverticulum of mucous 
membrane that aseends from the sinus (Fig. 11.99). The 
mucous seeretion inbrieates the voeal eords. 

Muscles of the Larynx 

The mnseles of the larynx may be divided into two groups: 
extrinsic and intrinsie. 

Extrinsic Muscles 

These mnseles move the larynx up and down during swal- 
lowing. Note that many of these mnseles are attaehed to 
the hyoid bone, which is attaehed to the thyroid eartilage by 
the thyrohyoid membrane. It follows that movements of the 
hyoid bone are aeeompanied by movements of the larynx. 

Elevation: The digastrie, the stylohyoid, the mylohyoid, the 
geniohyoid, the stylopharyngens, the salpingopharyn- 
geus, and the palatopharyngens mnseles 
Depression: The sternothyroid, the sternohyoid, and the 
omohyoid mnseles 

intrinsie Muscles 

Two mnseles modify the laryngeal inlet (Fig. 11.99): 

■ Narrowing the inlet: The oblique arytenoid muscle 

■ Widening the inlet: The thyroepiglottie muscle 

Five muscles move the voeal folds (eords) (Fig. 11.99): 

■ Tensing the voeal eords: The erieothyroid muscle 

■ Relaxing the voeal eords: The thyroarytenoid (voealis) 
muscle 

■ Addneting the voeal eords: The lateral erieoarytenoid 
muscle 

■ Abdneting the voeal eords: The posterior erieoaryt- 
enoid muscle 

■ Approximates the arytenoid eartilages: The transverse 
arytenoid muscle 

The details of the origins, insertions, nerve supply, and 
aetion of the intrinsie mnseles of the larynx are given in 
Table 11.12. 

Movements of theVoeal Folds (Cords) 

The movements of the voeal folds depend on the move- 
ments of the arytenoid eartilages, which rotate and slide up 
and down on the sloping shonlder of the snperior border 
of the erieoid eartilage. 

The rima glottidis is opened by the eontraetion of the pos- 
terior erieoarytenoid, which rotates the arytenoid eartilage 
and abdnets the voeal proeess (Fig. 11.99). The elastie tissue in 
the eapsnles of the erieoarytenoid joints keeps the arytenoid 
eartilages apart so that the posterior part of the glottis is open. 
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TABLE 11.12'’ 

J 

intrinsie Mnseles of the Larynx 



Muscle 

Origin 

Insertion 

Nerve Supply 

Aetion 

Muscles eontrolling the Laryngeal Inlet 




0blique arytenoid 

Muscular proeess of 
arytenoid eartilage 

Apex of opposite 
arytenoid eartilage 

Recurrent 
laryngeal nerve 

Narrovvs the inlet by bring- 
ing the aryepiglottie folds 
together 

Thyroepiglottie 

Medial surface of thyroid 
eartilage 

Lateral margin of 
epiglottis and arye- 
piglottie fold 

Recurrent 
laryngeal nerve 

VVidens the inlet by pulling the 
aryepiglottie folds apart 

Mnseles Controlling the Movements of the Voeal Folds (Gords) 

Grieothyroid Side of erieoid eartilage Lovver border and 

inferior cornu of 
thyroid eartilage 

External 
laryngeal nerve 

Tenses voealeords 

Thyroarytenoid 

(voealis) 

Inner surface of thyroid 
eartilage 

Arytenoid eartilage 

Recurrent 
laryngeal nerve 

Relaxes voeal eords 

Lateral 

erieoarytenoid 

Llpper border of erieoid 
eartilage 

Muscular proeess of 
arytenoid eartilage 

Recurrent 
laryngeal nerve 

Adducts the voeal eords by 
rotating arytenoid eartilage 

Posterior 

erieoarytenoid 

Baek of erieoid eartilage 

Muscular proeess of 
arytenoid eartilage 

Recurrent 
laryngeal nerve 

Abducts the voeal eords by 
rotating arytenoid eartilage 

Transverse 

arytenoid 

Baek and medial surface of 
arytenoid eartilage 

Baek and medial 
surface of opposite 
arytenoid eartilage 

Recurrent 
laryngeal nerve 

eioses posterior part of rima 
glottidis by approximating 
arytenoid eartilages 


The rima glottidis is elosed by eontraetion of the lateral eri- 
eoarytenoid, which rotates the arytenoid eartilage and addnets 
the voeal proeess (Fig. 11.99). The posterior part of the glottis 
is narrowed when the arytenoid eartilages are drawn together 
by eontraetion of the transverse arytenoid mnseles. 

The voeal folds are stretehed by eontraetion of the erieo- 
thyroid mnsele (Fig. 11.100). The voeal folds are slaekened 
by eontraetion of the voealis, a part of the thyroarytenoid 
mnsele (Fig. 11.99). 

Movements of the Voeal Folds with Respiration On quiet 
inspiration, the voeal folds are abducted and the rima 
glottidis is triangnlar in shape with the apex in front (Fig. 
11.99). On expiration, the voeal folds are addneted, leaving 
a small gap between them (Fig. 11.99). 

On deep inspiration, the voeal folds are maximally 
abdneted and the triangnlar shape of the glottis beeomes a 
diamond shape beeanse of the maximal lateral rotation of 
the arytenoid eartilages (Fig. 11.99). 

Sphineterie Fnnetion of the Larynx There are two 
sphineters in the larynx: one at the inlet and another at the 
rima glottidis. 

The sphineter at the inlet is used only during swallow- 
ing. As the bolus of food is passed backward between the 
tongue and the hard palate, the larynx is pulled up beneath 
the baek of the tongue. The inlet of the larynx is narrowed 
by the aetion of the oblique arytenoid and aryepiglottie 
mnseles. The epiglottis is pulled backward by the tongue 
and serves as a eap over the laryngeal inlet. The bolus of 
food, or f[uids, then enters the esophagns by passing over 
the epiglottis or moving down the grooves on either side of 
the laryngeal inlet, the piriform fossae. 


In eonghing or sneezing, the rima glottidis serves as a 
sphineter. After inspiration, the voeal folds are addneted, and 
the mnseles of expiration are made to eontraet strongly. As a 
result, the intrathoraeie pressnre rises, and the voeal folds are 
snddenly abdneted. The sudden release of the eompressed 
air will often dislodge foreign partieles or mucus from the 
respiratory traet and earry the material up into the pharynx, 
where the material is either swallowed or expectorated. 

In the Valsalva manenver, foreed expiration takes plaee 
against a elosed glottis. In abdominal straining assoeiated 
with mietnrition, defeeation, and partnrition, air is often 
held temporarily in the respiratory traet by elosing the rima 
glottidis. After deep inspiration, the rima glottidis is elosed. 
The mnseles of the anterior abdominal wall now eontraet, 
and the upward movement of the diaphragm is prevented 
by the presenee of eompressed air within the respiratory 
traet. After a prolonged effort, the person often releases 
some of the air by momentarily opening the rima glottidis, 
prodneing a grnnting sound. 

Voiee Production in the Larynx The intermittent release 
of expired air between the addneted voeal folds resnlts in 
their vibration and in the prodnetion of sound. The fre- 
quency, or piteh, of the sound is determined by ehanges in 
the length and tension of the voeal ligaments. The quality 
of the voiee depends on the resonators above the larynx, 
namely, the pharynx, mouth, and paranasal sinnses. The 
quality of the voiee is eontrolled by the mnseles of the soft 
plate, tongue, floor of the mouth, eheeks, lips, and jaws. 
Normal speeeh depends on the modifieation of the sound 
into reeognizable eonsonants and vowels by the use of the 
tongue, teeth, and lips. Vowel sounds are usually purely 
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the vibrations are given to a eonstant stream of expired 
air that passes throngh the posterior part of the rima 
glottidis. 

Mucous Membrane of the Larynx 

The mucous membrane of the larynx lines the eavity and 
is eovered with eiliated eolnmnar epithelinm. On the voeal 
eords, however, where the mucous membrane is snbjeet to 
repeated trauma during phonation, the mucous membrane 
is eovered with stratified squamous epithelium. 

Nerve Supply of the Larynx 

Sensory Nerves 

■ Above the voeal eords: The internal laryngeal braneh of 
the snperior laryngeal braneh of the vagus 

■ Below the level of the voeal eords: The recurrent laryn- 
gealnerve (Fig. 11.101) 

Motor Nerves All the intrinsie mnseles of the larynx except 
the erieothyroid muscle are supplied by the recurrent 
laryngeal nerve. The erieothyroid muscle is supplied by the 
external laryngeal braneh of the snperior laryngeal braneh 
of the vagus. 

Blood Supply of the Larynx 

■ Upper half of the larynx: The superior laryngeal braneh 
of the snperior thyroid artery 

■ Lower half of the larynx: The inferior laryngeal braneh 
of the inferior thyroid artery 

Lymph Drainage of the Larynx 

The lymph vessels drain into the deep eervieal group of 
nodes. 
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FIGIJRE 11.100 Diagrams shovving the attaehments and 
aetions of the erieothyroid muscle. A. Right lateral vievv of 
the larynx and the erieothyroid muscle. B. Interior vievv of the 
larynx shovving the relaxed right voeal ligament. 
e. Interior vievv of the larynx shovving the right voeal ligament 
stretehed as a result of the erieoid and arytenoid eartilages 
tilting baekvvard by eontraetion of the erieothyroid muscles. 



oral with the soft palate raised so that the air is ehanneled 
throngh the mouth rather than the nose. 

Speeeh involves the intermittent release of expired air 
between the addneted voeal folds. Singing a note requires 
a more prolonged release of the expired air between the 
addneted voeal folds. In whispering, the voeal folds are 
addneted, but the arytenoid eartilages are separated; 
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FIGURE 11.101 A. Lateral vievv of larynx shovving the internal 
and extemal laryngeal branehes of the superior laryngeal 
braneh of the vagus nerve. B.The distribution of the termi- 
nal branehes of the internal and recurrent laryngeal nerves. 
The larynx is vievved from above and posteriorly. 
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Lesions of the Laryngeal Nerves 

The muscles of the larynx are innervated by the recurrent laryn- 
geal nerves, with the exception ofthe erieothyroid muscle, which 
is supplied by the external laryngeal nerve. Both these nerves 
are vulnerable during operations on the thyroid gland because 
of the elose relationship between them and the arteries of the 
gland. The left recurrent laryngeal nerve may be involved in a 
bronehial or esophageal eareinoma or in seeondary metastatie 
deposits in the mediastinal lymph nodes. The right and left recur- 
rent laryngeal nerves may be damaged by malignant involve- 
ment ofthe deep eervieal lymph nodes. 

Seetion of the external laryngeal nerve produces weakness 
of the voiee because the voeal fold eannot be tensed. The erieo- 
thyroid muscle is paralyzed (Fig. 11.102). 

Llnilateral eomplete seetion of the reenrrent laryngeal nerve 
results in the voeal fold on the affeeted side assuming the posi- 
tion midway between abduction and adduction. It lies just lateral 
to the midline. Speeeh is not greatly affeeted because the other 
voeal fold eompensates to some extent and moves toward the 
affeeted voeal fold (Fig. 11.102). 

Bilateral eomplete seetion of the reenrrent laryngeal nerve 
results in both voeal folds assuming the position midway between 
abduction and adduction. Breathing is impaired because the 
rima glottidis is partially elosed, and speeeh is lost (Fig. 11.102). 

Llnilateral partial seetion of the reenrrent laryngeal nerve 
results in a greater degree of paralysis of the abductor muscles 
than of the adductor muscles. The affeeted voeal fold assumes 
the adducted midline position (Fig. 11.102). This phenomenon 
has not been explained satisfaetorily. It must be assumed that 
the abductor muscles reeeive a greater number of nerves than 
the adductor muscles, and thus partial damage of the recurrent 
laryngeal nerve results in damage to relatively more nerve fibers 
to the abductor muscles. Another possibility is that the nerve 
fibers to the abductor muscles are traveling in a more exposed 
position in the recurrent laryngeal nerve and are therefore more 
prone to be damaged. 

Bilateral partial seetion of the reenrrent laryngeal nerve 

results in bilateral paralysis of the abductor muscles and the 
drawing together of the voeal folds (Fig. 11.102). Acute breath- 
lessness (dyspnea) and stridor follow, and erieothyroidotomy or 
traeheostomy is neeessary. 

Edema of the Laryngeal Mucous Membrane 

The mucous membrane of the larynx is loosely attaehed to the 
underlying structures by submucous eonneetive tissue. In the 
region of the voeal folds, however, the mucous membrane is 
firmly attaehed to the voeal ligaments. This faet is of elinieal 
importanee in eases of edema of the larynx. The accumulation of 
tissue fluid causes the mucous membrane above the rima glot- 
tidis to swell and eneroaeh on the airway. In severe eases, a eri- 
eothyroidotomy or traeheostomy may be neeessary. 

Laryngeal Mirror and Laryngoseope 

The interior of the larynx ean be inspeeted indireetly through a 
laryngeal mirror passed through the open mouth into the oral 
pharynx (Fig. 11.103). A more satisfaetory method is the direet 


method using the laryngoseope. The neek is brought forward on 
a pillow and the head is fully extended at the atlanto-oeeipital 
joints. The illuminated instrument ean then be introduced into the 
larynx over the baek of the tongue (Fig. 11.103). The valleculae, 
the piriform fossae, the epiglottis, and the aryepiglottie folds are 
elearly seen. The two elevations produced by the corniculate 
and cuneiform eartilages ean be reeognized. VVithin the larynx, 
the vestibular folds and the voeal folds ean be seen. The former 
are fixed, widely separated, and reddish in eolor; the latter move 
with respiration and are white in eolor. VVith quiet breathing, 
the rima glottidis is triangular, with the apex in front. VVith deep 
inspiration,the rima glottidis assumes a diamond shape because 
of the lateral rotation ofthe arytenoid eartilages. 

Ifthe patientis askedto breathe deeply,the voealfolds beeome 
widely abducted, and the inside of thetraehea ean be seen. 


Important Anatomie Axes for Endotraeheal Intnbatíon 

The upper airway has three axes that have to be brought into 
alignment if the glottis is to be viewed adequately through a 
laryngoseope—the axis of the mouth, the axis of the pharynx, 
and the axis of the traehea (Fig. 11.104). 

The following procedures are neeessary: First, the head is 
extended at the atlanto-oeeipital joints. This brings the axis of 
the mouth into the eorreet position. Then, the neek is flexed at 
eervieal vertebrae C4 to C7 by elevating the baek of the head off 
the table, often with the help of a pillow. This brings the axes of 
the pharynx and the traehea in line with the axis of the mouth. 


Anatomy of the Visnalization of the Voeal Gords with the 
Laryngoseope 


■ The pear-shaped epiglottis is attaehed by its stalk at its lower 
end to the interior of the thyroid eartilage (Fig. 11.98). 

■ The voeal eords (ligaments) are attaehed at their anterior 
ends to the thyroid eartilage just below the attaehment of the 
epiglottis (Fig. 11.98). 

■ Because of the above two faets, it follows that manipulation 
of the epiglottis and possibly the thyroid eartilage will greatly 
assistthe operator in visualizing the eords and the glottis. 

The patient's head and neek are eorreetly positioned so that 
the three axes of the airway (noted above) have been estab- 
lished and the patient has assumed the "sniffing" position. 
The laryngoseope is inserted into the patient's mouth, and 
the blade is eorreetly plaeed alongside the right mandibular 
molar teeth. The blade ean then be passed over the tongue 
and down into the esophagus. The tip of the blade must be 
fully inserted into the esophagus (so that you know where it 
is anatomieally). The blade should by now have moved toward 
the midline and followed the anatomie curvature on the poste- 
rior surface of the tongue. 

The laryngoseopie blade is then gently and slowly with- 
drawn. The tip of the blade is kept under direet vision at 
all times and is permitted to rise up out of the esophagus. 
Remember that the tip of the blade is at first in the esophagus 
and is, therefore, distal to the level of the voeal eords. Onee 
the blade tip has leftthe esophagus, it is in the laryngeal part 



(continued) 
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of the pharynx (Figs. 11.88 and 11.91), and a view of the glottis 
should immediately be apparent. This is the eritieal stage. If 
the glottis is not visualized, then the operator is viewing the 
posteríor surface of the epiglottis. Now use your anatomie 
knowledge. 

With the tip of the blade of the laryngoseope applied to the 
posterior surface of the epiglottis, gently lift up and elevate the 
epiglottis to expose the glottis. If the glottis is still not in view, do 
not panie! Again use your knowledge of anatomy. With the right 
free hand, grasp the thyroid eartilage (to which the eords and the 
epiglottis are attaehed) between finger and thumb and apply firm 


backward, upward, rightward pressure (BURP). This maneuver 
realignsthe box ofthe larynx relative to the laryngoseopie blade, 
and the visual axis of the operator and the glottis should imme- 
diately be seen. 

Reflex Aetivity Seeondaryto Endotraeheal lntubation 

Stimulation of the mucous membrane of the upper airway 
during the proeess of intubation may produce cardiovascu- 
lar ehanges such as bradyeardia and hypertension. These 
ehanges are largely mediated through the branehes of the 
vagus nerves. 
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FIGURE 11.102 The position of the voeal folds (eords) after 
damage to the external and recurrent laryngeal nerves. 


The Traehea 

Deserìptìon 

The traehea is a mobile cartilaginous and membranous 
tube (Fig. 11.105). It begins as a eontinnation of the larynx 
at the lower border of the erieoid eartilage at the level of the 
6th eervieal vertebra. It deseends in the midline of the neek. 
In the thorax, the traehea ends at the earina by dividing 
into right and left prineipal (main) bronehi at the level of 
the sternal angle (opposite the dise between the 4th and 5th 
thoraeie vertebrae). 

The fibroelastie tube is kept patent by the presenee of 
U-shaped eartilaginons bar (rings) of hyaline eartilage 
embedded in its wall. The posterior free ends of the ear- 
tilage are eonneeted by smooth muscle, the traehealis 
mnsele. 

The mucous membrane of the traehea is lined with 
psendostratified eiliated eolnmnar epithelinm and eontains 
many goblet eells and tubular mucous glands. 

Relations of theTraehea in the Neek 

■ Anteriorly: Skin, faseia, isthmns of the thyroid gland 
(in front of the seeond, third, and fourth rings), inferior 
thyroid vein, jugular areh, thyroidea ima artery (if pre- 
sent), and the left braehioeephalie vein in ehildren, over- 
lapped by the sternothyroid and sternohyoid mnseles 

■ Posteriorly: Right and left reenrrent laryngeal nerves 
and the esophagns 

■ Laterally: Lobes of the thyroid gland and the earotid 
sheath and eontents (Fig. 11.49) 

The relations of the traehea in the snperior mediastinnm of 
the thorax are deseribed on page 63. 

Nerve Supply of theTraehea 

The sensory nerve supply is from the vagi and the reenrrent 
laryngeal nerves. 

Blood Supply of theTraehea 

The upper two thirds is supplied by the inferior thyroid 
arteries and the lower third is snpplied by the bronehial 
arteries. 

Lymph Drainage of theTraehea 

Into the pretraeheal and paratraeheal lymph nodes and the 
deep eervieal nodes 
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FIGURE 11.103 inspeetion of the voeal folds (eords) indireetly through a laryngeal mirror (A) and through a laryngoseope (B). 
Note the orientation of the structures forming the laryngeal inlet. 


M 




FIGURE 11.104 Anatomie axes for endotraeheal intubation. A. 
With the head in the neutral position, the axis of the mouth (M), 
the axis of the traehea (T), and the axis of the pharynx (P) are 
not aligned vvith one another. B. If the head is extended at the 
atlanto-oeeipital joints, the axis of the mouth is eorreetly plaeed. 
If the baek of the head is raised off the table vvith a pillovv, thus 
flexing the eervieal vertebral column, the axes of the traehea 
and pharynx are brought in line vvith the axis of the mouth. 


Endoerine Glands in the Head 
and Neek 

Pituitary Gland (Hypophysis Cerebri) 

Loeation and Deseription 

The pituitary gland is a small, oval structure attaehed to the 
undersurface of the brain by the infundibulum (Figs. 11.13 
and 11.108). The gland is well proteeted by virtue of its 
loeation in the sella tnreiea of the sphenoid bone. Beeanse 
the hormones prodneed by the gland infinenee the aetivi- 
ties of many other endoerine glands, the hypophysis eerebri 
is often referred to as the master endoerine gland. For this 
reason, it is vital to life. 

The pitnitary gland is divided into an anterior lobe, or 
adenohypophysis, and a posterior lobe, or nenrohypoph- 
ysis. The anterior lobe is snbdivided into the pars anterior 
(sometimes ealled the pars distalis) and the pars interme- 
dia, which may be separated by a eleft that is a remnant of 
an embryonie pouch. A projeetion from the pars anterior, 
the pars tnberalis, extends up along the anterior and lat- 
eral snrfaees of the pitnitary stalk. 

Relations 

■ Anteriorly: The sphenoid sinus (Fig. 11.13) 

■ Posteriorly: The dorsum sellae, the basilar artery, and 
the pons 

■ Snperiorly: The diaphragma sellae, which has a eentral 
apertnre that allows the passage of the infundibulum. 
The diaphragma sellae separates the anterior lobe from 
the optie ehiasma (Fig. 11.108). 
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FIGLIRE 11.105 The traehea and the bronehi. 



Mìdlìne Strnetnres ìn the Neek 

The midline structures in the neek should be readily reeognized 
as one passes an examining finger down the neek from the ehin 
to the suprasternal noteh (for details, see page 676). The physi- 
eian eommonly forgets that an enlarged submental lymph node 
may be caused by a pathologie eondition anywhere between the 
tip of the tongue and the point of the ehin. 


Palpation of the Traehea 

The traehea ean be readily felt below the larynx. As it deseends, 
it beeomes deeply plaeed and may lie as much as 1.5 in. (4 em) 


from the surface at the suprasternal noteh. Remember that in 
the adult it may measure as much as 1 in. (2.5 em) in diameter, 
but in a 3-year-old ehild it may measure only 0.5 in. in diameter. 
The traehea is a mobile elastie tube and is easily displaeed by 
the enlargement of adjaeent organs or the presenee of tumors. 
Remember also that lateral displaeement of the eervieal part of 
the traehea may be caused by a pathologie lesion in the thorax. 

eompromised Airway 

No medieal emergeney quite produces the urgency and anxiety 
of the eompromised airway. The physieian has to institute almost 


(continued} 
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immediate treatment. All techniques of airvvay management 
require a detailed knovvledge of anatomy. 

Cricothyroidotomy 

In erieothyroidotomy, a tube is inserted in the interval betvveen 
the erieoid eartilage and the thyroid eartilage. The traehea and 
larynx are steadied by extending the neek over a sandbag. 

A vertieal or transverse ineision is made in the skin in the 
interval betvveenthe eartilages (Fig. 11.106). The ineision is made 
through the follovving structures: the skin, the superficial faseia 
(bevvare ofthe anterior jugularveins, vvhieh lie elosetogether on 
either side of the midline), the investing layer of deep eervieal 
faseia, the pretraeheal faseia (separate the sternohyoid mus- 
eles and ineise the faseia), and the larynx. The larynx is ineised 
through a horizontal ineision through the erieothyroid ligament 
and the tube inserted. 

Complìcatìons 

■ Esophageal perforation: Because the lovver end of the phar- 
ynx and the beginning of the esophagus lie direetly behind 
the erieoid eartilage, it is imperative thatthe sealpel ineision 
through the erieothyroid membrane not be earried too far 
posteriorly. This is particularly important in young ehildren, in 
vvhom the eross diameter of the larynx is so small. 

■ Hemorrhage: The small branehes of the superior thyroid ar- 
tery thatoeeasionally erossthefrontofthe erieothyroid mem- 
brane to anastomose vvith one another should be avoided. 

Traeheostomy 

Traeheostomy is rarely performed and is limited to patients vvith 
extensive laryngeal damage and infants vvith severe airvvay 
obstruction. Because of the presenee of major vascular struc- 
tures (earotid arteries and internal jugular vein), the thyroid 
gland, nerves (recurrent laryngeal braneh of vagus and vagus 
nerve), the pleural eavities, and the esophagus, meticulous 
attention to anatomie detail hasto be observed (Fig. 11.107). 

The procedure is as follovvs: 

1 . The thyroid and erieoid eartilages are identified and the neek 
is extended to bring the traehea forvvard. 

2. Avertieal midline skin ineision is madefromthe region ofthe eri- 
eothyroid membrane inferiorly tovvard the suprasternal noteh. 

3. The ineision is earried through the superficial faseia and the 
fibers of the platysma muscle. The anterior jugular veins in 
the superficial faseia are avoided by maintaining a midline 
position. 

4. The investing layer of deep eervieal faseia is ineised. 


5. The pretraeheal muscles embedded in the pretraeheal faseia 
are split in the midline tvvo fingerbreadths superior to the 
sternal noteh. 

6. Thetraeheal rings arethen palpable in the midline orthe isth- 
mus of the thyroid gland is visible. If a hook is plaeed under 
the lovver border of the erieoid eartilage and traetion is ap- 
plied upvvard, the slaek is taken out of the elastie traehea; 
this stops itfrom slipping from side to side. 

7. A deeision is then made as to vvhether to enter the traehea 
through the seeond ring above the isthmus of the thyroid 
gland; through the third, fourth, or fifth ring by first dividing 
the vascular isthmus of the thyroid gland; or through the 
lovver traeheal rings belovv the thyroid isthmus. At the latter 
site,thetrachea is reeeding fromthe surface ofthe neek, and 
the pretraeheal faseia eontains the inferior thyroid veins and 
possibly the thyroidea ima artery. 

8 . The preferred site is through the seeond ring of the traehea 
in the midline, vvith the thyroid isthmus retraeted inferiorly. A 
vertieal traeheal ineision is made, and the traeheostomy tube 
is inserted. 

Complìcatìons 

Most eomplieations result from not adequately palpating and 
reeognizing the thyroid, erieoid, and traeheal eartilages and not 
eonfining the ineision strietly to the midline. 

■ Hemorrhage: The anterior jugular veins loeated in the su- 
perfieial faseia elose to the midline should be avoided. If the 
isthmus ofthethyroid gland istranseeted, secure the anasto- 
mosing branehes of the superior and inferior thyroid arteries 
that eross the midline on the isthmus. 

■ Nerve paralysis: The recurrent laryngeal nerves may be 
damaged as they aseend the neek in the groove betvveen the 
traehea and the esophagus. 

■ Pneumothorax: The eervieal dome of the pleura may be 
piereed. This is espeeially eommon in ehildren because of the 
high level of the pleura in the neek. 

■ Esophageal injury: Damage to the esophagus, vvhieh is lo- 
eated immediately posterior to the traehea, occurs most 
eommonly in infants; it follovvs penetration of the small- 
diametertraehea by the point of the sealpel blade. 

Some Important Airvvay Distanees 

Table 11.13 shovvs some important distanees betvveen the inei- 
sor teeth or nostrils to anatomie landmarks in the airvvay in the 
adult. These approximate figures are helpful in determining the 
eorreet plaeement of an endotraeheal tube. 


■ Inferiorly: The body of the sphenoid, with its sphenoid 
air sinnses 

■ Laterally: The eavernons sinns and its eontents 
(Fig. 11.108) 

Blood Supply 

The arteries are derived from the snperior and inferior 
hypophyseal arteries, branehes of the internal earotid 
artery. The veins drain into the intereavernons sinnses. 


Functions of the Pituitary Gland 

The pitnitary gland infinenees the aetivities of many other 
endoerine glands. The pitnitary gland is itself eontrolled 
by the hypothalamns and the aetivities of the hypothala- 
mus are modified by information reeeived along numerous 
nervous afferent pathways from different parts of the een- 
tral nervons system and by the plasma levels of the eirenlat- 
ing eleetrolytes and hormones. 
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FIGURE 11.106 The anatomy of erieothyroidotomy. A. A vertieal ineision is made through the skin and superficial and deep 
eervieal faseiae. B.The erieothyroid membrane (ligament) is ineised through a horizontal ineision elose to the upper border of 
the erieoid eartilage. C. Insertion of the tube. 
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FIGURE 11.107 Gross seetion of the neek at the level of the seeond traeheal ring. A vertieal ineision is made through the ring, 
and the traeheostomy tube is inserted. 
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FIGURE 11.108 Goronal seetion through the body of the sphenoid bone, shovving the pituitary gland and the cavernous 
sinuses. Note the position of the internal earotid artery and the eranial nerves. 



E M B R Y 0 L 0 G I e N 0 T E S 




Development of the Pitnìtary Gland 

The pituitary gland develops from two sources: a small eetoder- 
mal diverticulum (Rathke's pouch), which grows superiorly from 
the roof of the stomodeum immediately anterior to the bucco- 
pharyngeal membrane; and a small eetodermal diverticulum (the 
infnndibnlnm), which grows inferiorly from the floor of the dien- 
eephalon ofthe brain (Fig. 11.109). 

During the seeond month of development, Rathke's pouch 
eomes into eontaet with the anterior surface of the infundibu- 
lum, and its eonneetion with the oral epithelium elongates, nar- 
rows, and finally disappears (Fig. 11.109). Rathke's pouch now is 


a vesiele that flattens itself around the anterior and lateral sur- 
faees of the infundibulum. The eells of the anterior wall of the 
vesiele proliferate andform the parsanteriorofthe pituitary;from 
the vesiele's upper part, there is a cellular extension that grows 
superiorly and around the stalk of the infundibulum, forming the 
pars tnberalis. The eells of the posterior wall of the vesiele never 
develop extensively; they form the pars intermedia. Some of the 
eells later migrate anteriorly into the pars anterior. The eavity of 
the vesiele is reduced to a narrow eleft, which may disappear 
eompletely. Meanwhile, the infundibulum has differentiated into 
the stalk and pars nervosa of the pituitary gland (Fig. 11.109). 


Pineal Gland 


1 

Loeation and Deseription 

The pineal gland is a small eone-shaped body that projeets 

TABLE 1 

1.13 

j 


posteriorly from the posterior end of the roof of the third 
ventriele of the brain (Fig. 11.13). The pineal eonsists essen- 
tially of gronps of eells, the pinealoeytes, snpported by glial 
eells. The gland has a rieh blood snpply and is innervated 
by postganglionie sympathetie nerve fìbers. 


Important Airway Distanees 
(Adnlt) 



ineisor teeth to the voeal eords 
ineisor teeth to the earina 
External nares to the earina 


5.9 in. (15 em) 

7.9 in. (20 em) 
11.8 in. (30 em) 


Functions of the Pineal Gland 

The pineal gland ean infinenee the aetivities of the pitni- 
tary gland, the islets of Langerhans of the panereas, the 


^Average figures given ± 1 to 2 em. 
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FIGURE 11.109 The different stages in the developnnent of the pituitary gland shovvn in sagittal seetions 


parathyroids, the adrenals, and the gonads. The pineal 
seeretions, prodneed by the pinealoeytes, reaeh their target 
organs via the bloodstream or throngh the eerebrospinal 
flnid. Their aetions are mainly inhibitory and either direetly 
inhibit the prodnetion of hormones or indireetly inhibit 
the seeretion of releasing faetors by the hypothalamns. 

Thyroid Gland 

Loeation and Deseription 

The thyroid gland eonsists of right and left lobes eonneeted 
by a narrow isthmns (Fig. 11.110). It is a vasenlar organ 
snrronnded by a sheath derived from the pretraeheal layer 
of deep faseia. The sheath attaehes the gland to the larynx 
and the traehea. 

Eaeh lobe is pear shaped, with its apex being direeted 
upward as far as the oblique line on the lamina of the thy- 
roid eartilage; its base lies below at the level of the fourth or 
flfth traeheal ring. 

The isthmus extends aeross the midline in front of the 
seeond, third, and fourth traeheal rings (Fig. 11.110). A 
pyramidal lobe is often present, and it projeets upward 
from the isthmus, usually to the left of the midline. A 
flbrons or muscular band frequently eonneets the pyrami- 
dal lobe to the hyoid bone; if it is muscular, it is referred to 
as the levator glandulae thyroideae (Fig. 11.110). 

Relations of the Lobes 

■ Anterolaterally: The sternothyroid, the snperior belly of 
the omohyoid, the sternohyoid, and the anterior border 
of the sternoeleidomastoid (Fig. 11.49) 


■ Posterolaterally: The earotid sheath with the eommon 
earotid artery, the internal jugular vein, and the vagus 
nerve (Fig. 11.49) 

■ Medially: The larynx, the traehea, the pharynx, and 
the esophagns. Assoeiated with these structures are the 
erieothyroid muscle and its nerve supply, the external 
laryngeal nerve. In the groove between the esopha- 
gus and the traehea is the reenrrent laryngeal nerve 
(Fig. 11.49). 

The ronnded posterior border of eaeh lobe is related poste- 
riorly to the snperior and inferior parathyroid glands (Fig. 
11.110) and the anastomosis between the snperior and 
inferior thyroid arteries. 

Relations of the Isthmns 

■ Anteriorly: The sternothyroids, sternohyoids, anterior 
jugular veins, faseia, and skin 

■ Posteriorly: The seeond, third, and fourth rings of the 
traehea 

The terminal branehes of the snperior thyroid arteries 
anastomose along its upper border. 

Blood Supply 

The arteries to the thyroid gland are the snperior thyroid 
artery, the inferior thyroid artery, and sometimes the thy- 
roidea ima. The arteries anastomose profnsely with one 
another over the snrfaee of the gland. 

The superior thyroid artery, a braneh of the external 
earotid artery, deseends to the upper pole of eaeh lobe, 
aeeompanied by the external laryngeal nerve (Fig. 11.110). 
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FIGURE 11.110 The blood supply and venous drainage of the thyroid gland. 


The inferior thyroid artery, a braneh of the thyroeer- 
vieal trnnk, aseends behind the gland to the level of the 
erieoid eartilage. It then tnrns medially and downward 
to reaeh the posterior border of the gland. The reenrrent 
laryngeal nerve erosses either in front of or behind the 
artery, or it may pass between its branehes. 

The thyroidea ima, if present, may arise from the bra- 
ehioeephalie artery or the areh of the aorta. It aseends in 
front of the traehea to the isthmns (Fig. 11.110). 

The veins from the thyroid gland are the snperior thy- 
roid, which drains into the internal jngnlar vein; the middle 
thyroid, which drains into the internal jngnlar vein; and the 
inferior thyroid (Fig. II.IIO). The inferior thyroid veins of 
the two sides anastomose with one another as they deseend 
in front of the traehea. They drain into the left braehioee- 
phalie vein in the thorax. 


Lymph Drainage 

The lymph from the thyroid gland drains mainly laterally 
into the deep eervieal lymph nodes. A few lymph vessels 
deseend to the paratraeheal nodes. 

Nerve Supply 

Snperior, middle, and inferior eervieal sympathetie 
ganglia 

Functions of theThyroid Gland 

The thyroid hormones, thyroxine and triiodothyronine, 
inerease the metabolie aetivity of most eells in the body. 
The parafollienlar eells prodnee the hormone thyroealei- 
tonin, which lowers the level of blood ealeinm. 



Swellings of the Thyroíd Gland and Movement on 
Swallowíng 

The thyroid gland is invested in a sheath derived from the pretra- 
eheal faseia. This tethers the gland to the larynx and the traehea 
and explains why the thyroid gland follows the movements of 
the larynx in swallowing. This information is important because 
any pathologie neek swelling that is part of the thyroid gland will 
move upward when the patient is asked to swallow. 


The Thyroíd Gland and the Aírway 

The elose relationship between the traehea and the lobes of the 
thyroid gland eommonly results in pressure on the traehea in 
patients with pathologie enlargement of the thyroid. 

Retrosternal Goìter 

The attaehment of the sternothyroid muscles to the thyroid 
eartilage effeetively binds down the thyroid gland to the lar- 
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ynx and limits upward expansion of the gland. There being 
no limitation to downward expansion, it is not uncommon 
for a pathologieally enlarged thyroid gland to extend down- 
ward behind the sternum. A retrosternal goiter (any abnormal 
enlargement of the thyroid gland) ean eompress the traehea 
and cause dangerous dyspnea; it ean also cause severe 
venous eompression. 

Thyroid Arteries and Important Nerves 

It should be remembered that the two main arteries supplying 
the thyroid gland are elosely related to important nerves that 
ean be damaged during thyroideetomy operations. The superior 
thyroid artery on eaeh side is related to the external laryngeal 
nerve, which supplies the erieothyroid muscle. The terminal 
branehes of the inferiorthyroid artery on eaeh side are related to 


the recurrent laryngeal nerve. Damage to the external laryngeal 
nerve results in an inability to tense the voeal folds and in 
hoarseness. For the results of damage to the recurrent laryngeal 
nerve, see page 650. 

Thyroideetomy and the Parathyroid Glands 

The parathyroid glands are usually four in number and are 
elosely related to the posterior surface of the thyroid gland. In 
partial thyroideetomy, the posterior part of the thyroid gland is 
left undisturbed so thatthe parathyroid glands are not damaged. 
The development of the inferior parathyroid glands is elosely 
assoeiated with the thymus. For this reason, it is not uncom- 
mon forthe surgeon to find the inferior parathyroid glands in the 
superior mediastinum because they have been pulled down into 
the thorax by the thymus. 



Development of the Thyroìd Gland 


ineomplete Deseent of the Thyroid 


The thyroid gland begins to develop during the third week as 
an entodermal thiekening in the midline of the floor of the phar- 
ynx between the tuberculum impar and the copula (Fig. 11.111). 
Later, this thiekening beeomes a diverticulum that grows inferi- 
orly into the underlying mesenehyme and is ealled the thyroglos- 
sal duct. As development continues, the duct elongates, and its 
distal end beeomes bilobed. Soon,the duct beeomes a solid eord 
of eells, and as a result of epithelial proliferation, the bilobed ter- 
minal swellings expand to form the thyroid gland. 

The thyroid gland now migrates inferiorly in the neek and 
passes either anterior to, posterior to, or through the developing 
body of the hyoid bone. By the seventh week, it reaehes its final 
position in relation to the larynx and traehea. Meanwhile, the 
solid eord eonneeting the thyroid gland to the tongue fragments 
and disappears. The site of origin of the thyroglossal duct on the 
tongue remains as a pit ealled the foramen cecum. The thyroid 
gland may now be divided into a small median isthmus and two 
large lateral lobes (Fig. 11.111). 

In the earliest stages, the thyroid gland eonsists of a solid 
mass of eells. Later, as a result of invasion by surrounding vas- 
cular mesenehymal tissue, the mass beeomes broken up into 
plates and eords and finally into small clusters of eells. By the 
third month, eolloid starts to accumulate in the eenter of eaeh 
cluster so thatfollieles are formed. The fibrous capsule and eon- 
neetive tissue develop from the surrounding mesenehyme. 

The ultimobranchial bodies (from the fifth pharyngeal pouch) 
and neural erest eells are believed to be ineorporated into the 
thyroid gland, where they form the parafollicular eells, which 
produce ealeitonin. 


The deseent of the thyroid may be arrested at any point between 
the base of the tongue and the traehea (Fig. 11.112). Lingnal thy- 
roid isthe most eommon form of ineomplete descent(Fig. 11.113). 
The mass of tissue found just beneath the foramen cecum may 
be sufficiently large to obstruct swallowing in the infant. 

Eetopie Thyroid Tissue 

Eetopie thyroid tissue is oeeasionally found in the thorax in 
relation to the traehea or bronehi or even the esophagus. It is 
assumed that this thyroid tissue arises from entodermal eells 
displaeed during the formation of the laryngotraeheal tube or 
from entodermal eells of the developing esophagus 


Persistent Thyroglossal Duct 

Gonditions related to a persistenee of the thyroglossal duct usu- 
ally appear in ehildhood, in adoleseenee, or in young adults. 


Thyroglossal Cyst 

Gysts may occur at any point along the thyroglossal traet 
(Figs. 11.112 and 11.114). They occur most eommonly in the 
region below the hyoid bone. Such a eyst occupies the mid- 
line and develops as a result of persistenee of a small amount 
of epithelium that continues to seerete mucus. As the eyst 
enlarges, it is prone to infeetion and so it should be removed 
surgically. Sinee remnants of the duct often traverse the body 
of the hyoid bone, this may have to be excised also to prevent 
recurrence. 


Thyroglossal Sìnus (Fistula) 


Agenesis of the Thyroid 

Failure of development of the thyroid gland may occur and is the 
eommonest cause of eretinism. 


Oeeasionally, a thyroglossal eyst ruptures spontaneously, pro- 
ducing a sinus (Fig. 11.112). Llsually, this is a result of an infee- 
tion of a eyst. All remnants of the thyroglossal duct should be 
removed surgically. 
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FIGURE 11.111 The different stages in the developnnent of 
the thyroid gland. A. Sagittal seetion of the tongue shovving 
an entodermal thiekening betvveen the tuberculum impar 
and the copula. B. Sagittal seetion of the tongue shovving 
the development of the thyroglossal duct. C. Sagittal see- 
tion of the tongue and neek shovving the path taken by the 
thyroid gland as it migrates inferiorly. D.The fully developed 
thyroid gland as seen from in front. Note the remains of the 
thyroglossal duct above the isthmus. 

Parathyroid Glands 

Loeation and Deseription 

The parathyroid glands are ovoid bodies measnring abont 
6 mm long in their greatest diameter. They are four in num- 
ber and are elosely related to the posterior border of the 
thyroid gland, lying within its faseial eapsnle (Fig. 11.110). 



FIGURE 11.113 Lingual thyroid. (Courtesy of J. Randolph.) 


The two superior parathyroid glands are the more eon- 
stant in position and lie at the level of the middle of the 
posterior border of the thyroid gland. 

The two inferior parathyroid glands usually lie elose to 
the inferior poles of the thyroid gland. They may lie within 
the faseial sheath, embedded in the thyroid snbstanee, or 
ontside the faseial sheath. Sometimes, they are found some 
distanee caudal to the thyroid gland, in assoeiation with the 
inferior thyroid veins, or they may even reside in the supe- 
rior mediastinum in the thorax. 

Blood Supply 

The arterial supply to the parathyroid glands is from the 
snperior and inferior thyroid arteries. The venous drainage 
is into the snperior, middle, and inferior thyroid veins. 
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FIGURE 11.112 A thyroglossal eyst in the midline in the neek 
and a thyroglossal fistula. 



FIGURE 11.114 A thyroglossal eyst. (Courtesy of L.Thompson.) 
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E M B R Y 0 L 0 G I e N 0 T E S 


Development ofthe Parathyroìd Glands 

The paír of inferior parathyroid glands, knovvn as parathyroid III, 

develop as the result of proliferation of entodermal eells in the 
third pharyngeal pouch on eaeh side. As the thymie diverticu- 
lum on eaeh side grovvs inferiorly in the neek, it pulls the inferior 
parathyroid vvith it, so that itfinally eomes to rest on the posterior 
surface of the lateral lobe of the thyroid gland near its lovver pole 
and beeomes eompletely separate from the thymus (Fig. 11.115). 

The pair of snperior parathyroid glands, parathyroid IV, 
develop as a proliferation of entodermal eells in the fourth pha- 
ryngeal pouch on eaeh side. These loosen their eonneetion vvith 
the pharyngeal vvall and take up their final position on the poste- 
rior aspeet of the lateral lobe of the thyroid gland on eaeh side, at 
aboutthe level of the isthmus (Fig. 11.115). 

In the earliest stages, eaeh gland eonsists of a solid mass of 
elear eells, the ehief eells. In late ehildhood, aeidophilie eells, 
the oxyphil eells, appear. The eonneetive tissue and vascu- 
lar supply are derived from the surrounding mesenehyme. It is 




believed thatthe parathyroid hormone is seereted early in fetal 
life by the ehief eellsto regulate calcium metabolism. The oxyphil 
eells are thoughtto be nonfunctioning ehief eells. 

Absenee and Hypoplasia of the Parathyroid Glands 

Agenesis or ineomplete development of the parathyroid glands 
has been demonstrated in individuals vvith idiopathie hypopara- 
thyroidism. 


Eetopie Parathyroid Glands 

The elose relationship betvveen the parathyroid III and the devel- 
oping thymus explains the frequent finding of parathyroid tis- 
sue in the superior mediastinum of the thorax (Fig. 11.115). If the 
parathyroid glands remain attaehed to the thymus, they may be 
pulled inferiorly into the lovver partofthe neek orthoraeie eavity. 
Moreover, this also explains the variable position of the inferior 
parathyroid glands in relation to the lovver poles of the lateral 
lobes of the thyroid gland. 


Lymph Drainage 

Deep eervieal and paratraeheal lymph nodes. 

Nerve Supply 

Snperior or middle eervieal sympathetie ganglia. 

Functions of the Parathyroid Glands 

The ehief eells prodnee the parathyroid hormone, which 
stimnlates osteoelastie aetivity in bones, thus mobiliz- 
ing the bone calcium and inereasing the ealeinm levels in 
the blood. The parathyroid hormone also stimnlates the 
absorption of dietary ealeinm from the small intestine and 



FIGLIRE 11.115 Parathyroid glands taking up their final posi- 
tions in the neek. 


the reabsorption of ealeinm in the proximal eonvolnted 
tubules of the kidney. It also strongly diminishes the reab- 
sorption of phosphate in the proximal eonvolnted tubules 
of the kidney. The seeretion of the parathyroid hormone is 
eontrolled by the ealeinm levels in the blood. 

The Root of the Neek 

The root of the neek ean be defined as the area of the neek 
immediately above the inlet into the thorax (Fig. 11.16). 

Muscles of the Root of the Neek 

Scalenus Anterìor 

The sealenns anterior muscle (Fig. 11.57) is a key muscle 
to the understanding of the root of the neek and has been 
fnlly deseribed on page 592. It is deeply plaeed and deseends 
almost vertieally from the vertebral column to the Ist rib. 

Beeanse the muscle is an important landmark in the 
neek, its relations should be understood. See page 592. 

Scalenus Medius 

The sealenns medius lies behind the sealenns anterior 
and extends from the transverse proeess of the atlas and 
the transverse proeesses of the next five eervieal vertebrae 
(Fig. 11.57) downward and laterally to be inserted into the 
upper surface of the Ist rib behind the groove for the sub- 
elavian artery. The muscle lies behind the roots of the bra- 
ehial plexus and the snbelavian artery. 

For a snmmary of mnseles of the neek, their nerve sup- 
ply, and their aetion, see Table 11.5. 

Subclavian Artery 

The right snbelavian artery arises from the braehioeephalie 
artery, behind the right sternoelavienlar joint (Fig. 11.57). 
It passes upward and laterally as a gentle curve behind the 
sealenns anterior muscle, and at the outer border of the Ist 
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rib it beeomes the axillary artery. The left subclavian artery 
arises from the areh of the aorta in the thorax. It aseends to 
the root of the neek and then arehes laterally in a manner 
similar to that of the right subclavian artery (Fig. 11.57). 
The relations and branehes of the snbelavian arteries have 
been deseribed on page 599. 

Subclavian Vein 

The snbelavian vein begins at the outer border of the first 
rib as a continuation of the axillary vein (Fig. 11.57). At the 
medial border of the sealenns anterior, it joins the internal 
jugular vein to form the braehioeephalie vein. 


The Thoraeie Duct 

The thoraeie duct begins in the abdomen at the upper end 
of the eisterna ehyli (see page XXX). It enters the thorax 
throngh the aortie opening in the diaphragm and aseends 
throngh the posterior mediastinnm, inelining gradnally to 
the left. On reaehing the snperior mediastinnm, it is found 
passing upward along the left margin of the esophagns. At 
the root of the neek, it eontinnes to aseend along the left 
margin of the esophagns until it reaehes the level of the 
transverse proeess of the seventh eervieal vertebra. Here, it 
bends laterally behind the earotid sheath (Fig. 11.57). On 
reaehing the medial border of the sealenns anterior, it turns 
downward and drains into the beginning of the left bra- 
ehioeephalie vein. It may, however, end in the terminal part 
of the snbelavian or internal jugular veins. 



Pleura and Lung Injnrìes ìn the Root of the Neek 

The eervieal dome of the pleura and the apex of the lung 
extend up into the root of the neek on eaeh side. Govered by 
the suprapleural membrane, they lie behind the subclavian 
artery. A penetrating wound above the medial end of the elav- 
iele may involve the apex of the lung. 

V___ J 



Radiographig Anatomy 


Radiographie Appearanee of the 
Head and Neek 

Rontine radiologie examination of the head and neek eon- 
eentrates mainly on the bony structures because the brain, 
mnseles, tendons, and nerves blend into a homogeneons 
mass. However, a few normal structures within the skull 
beeome ealeified in the adult, and the displaeement of such 
structures may indireetly give evidenee of a pathologie eon- 
dition. The pineal gland, for example, is ealeified in 50% of 
normal adults. It lies in the midline. The falx eerebri and 
the ehoroid plexuses also beeome ealeified frequently. 


The brain ean be stndied indireetly by the injeetion of 
eontrast media into the arterial system leading to the brain 
(eerebral arteriogram). The introdnetion of CT and MRI 
seans has provided physieians with safe and aeenrate meth- 
ods of stndying the intraeranial eontents. 

Radiographie Appearanee of the 

Sknll 

The radiographie appearanees of the skull as seen on 
straight posteroanterior views and lateral views ean be 
stndied in Fignres 11.116,11.117,11.118, and 11.119. 

Gerebral Arteriography 

The technique of eerebral arteriography ean be used to 
deteet abnormalities of the eerebral arteries and loealiza- 
tion of space-occupying lesions such as tumors, blood 
elots, or abseesses. Examples of eerebral arteriograms ean 
be seen in Fignres 11.120, 11.121, 11.122, and 11.123. 

Gompnted Tomography Seans 

CT is eommonly used for the deteetion of intraeranial 
lesions. It is safe and provides aeenrate information. Exam- 
ples of CT seans of the head ean be seen in Eigure 11.124. 

Magnetie Resonanee Imaging 

MRI is also eommonly used for deteetion of intraeranial 
lesions. MRI is absolntely safe to the patient, and beeanse 
it provides better differentiation between gray and white 
matter in the brain, its use ean be more revealing than a CT 
sean (Eigs. 11.125, 11.126, and 11.127). 



SURFACE AnATOMY 


Snrfaee Landmarks of the Head 

Nasion 

The nasion is the depression in the midline at the root of 
the nose (Eig. 11.128). 

External Oeeipital Protnberanee 

This is a bony prominenee in the middle of the squamous 
part of the oeeipital bone (Eig. 11.128). It lies in the midline 
at the jnnetion of the head and neek and gives attaehment 
to the ligamentnm nuchae, which is a large ligament that 
runs down the baek of the neek, eonneeting the skull to 
the spinous proeesses of the eervieal vertebrae. A line join- 
ing the nasion to the external oeeipital protnberanee over 
the snperior aspeet of the head would indieate the position 
of the nnderlying falx eerebri, the superior sagittal sinus, 
and the longitudinal eerebral fissnre, which separates the 
right and left eerebral hemispheres. 
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Vertex 

The vertex is the highest point on the sknll in the sagittal 
plane (Fig. 11.128). 

Anterior Fontanelle 

In the baby, the anterior fontanelle lies between the two 
halves of the frontal bone in front and the two parietal 
bones behind (Fig. 11.128). It is nsnally not palpable after 
18 months. 

Posterior Fontanelle 

In the baby, the posterior fontanelle lies between the squa- 
mous part of the oedpital bone and the posterior borders 
of the two parietal bones (Fig. 11.128). It is usually dosed 
by the end of the first year. 

Snpereiliary Ridges 

The snperdliary ridges are two prominent ridges on the 
frontal bones above the upper margin of the orbit (Fig. 
11.128). Deep to these ridges on either side of the midline 

lie the frontal air sinnses. 

Snperior Nnehal Line 

The snperior nuchal line is a curved ridge that runs later- 
ally from the external oeeipital protnberanee to the mastoid 
proeess of the temporal bone. It gives attaehment to the tra- 
pezius and sternoeleidomastoid mnseles. 

Mastoid Proeess of the Temporal Bone 

The mastoid proeess projeets downward and forward from 
behind the ear (Figs. 11.128 and 11.131). It is nndeveloped 
in the newborn ehild and grows only as the result of the 
pull of the sternoeleidomastoid, as the ehild moves his or 
her head. It ean be reeognized as a bony projeetion at the 
end of the seeond year. 

Anriele and External Anditory Meatns 

These structures lie in front of the mastoid proeess (Fig. 
11.27). The external anditory meatus is about 1 in. (2.5 em) 
long and forms an S-shaped curve. To examine the outer 
surface of the tympanie membrane in the adult with an 
otoseope, the tube may be straightened by pnlling the auri- 
ele upward and backward. In small ehildren, the anriele is 
pulled straight baek or downward and backward. 

Tympanie Membrane 

The tympanie membrane is normally pearly gray and is 
eoneave toward the meatus (Fig. 11.27). The most depressed 
part of the eoneavity is ealled the umbo and is caused by 
the attaehment of the handle of the mallens on its medial 
snrfaee. 


Zygomatie Areh 

The zygomatie areh extends forward in front of the ear and 
ends in front in the zygomatie bone (Fig. 11.128). Above 
the zygomatie areh is the temporal fossa, which is filled 
with the temporalis muscle. Attaehed to the lower margin 
of the zygomatie areh is the masseter muscle. Gontraetion 
of both the temporalis and masseter mnseles (Fig. 11.85) 
ean be felt by elenehing the teeth. 

Superficial Temporal Artery 

The pnlsations of the snperfieial temporal artery ean be felt 
as it erosses the zygomatie areh, immediately in front of the 
anriele (Fig. 11.128). 

Pterion 

The pterion is the point where the greater wing of the 
sphenoid meets the anteroinferior angle of the parietal 
bone. Lying 1.5 in. (4 em) above the midpoint of the 
zygomatie areh (Fig. 11.128), it is not marked by an 
eminenee or a depression, but it is important beeanse 
beneath it lies the anterior braneh of the middle menin- 
geal artery. 

Above and behind the external anditory meatus, deep to 
the auricle, ean be felt a small depression, the snprameatal 
triangle (Fig. 11.128). This is bonnded behind by a line 
drawn vertieally upward from the posterior margin of the 
external anditory meatus, above by the suprameatal erest 
of the temporal bone, and below by the external anditory 
meatus. The bony fioor of the triangle forms the lateral wall 
of the mastoid antrnm. 

Temporomandibular Joint 

The temporomandibnlar joint ean be easily palpated in 
front of the anriele (Fig. 11.128). Note that as the mouth 
is opened, the head of the mandible rotates and moves for- 
ward below the tnberele of the zygomatie areh. 

Anterior Border of the Ramus of the 
Mandible 

The anterior border of the ramus ean be felt deep to the 
masseter muscle. The eoronoid proeess of the mandible 
ean be felt with the gloved finger inside the mouth, and 
the pterygomandibnlar ligament ean be palpated as a tense 
band on its medial side. 

Posterior Border of the Ramus of the 
Mandible 

The posterior border of the ramus is overlapped above 
by the parotid gland (Fig. 11.85), but below it is easily felt 
through the skin. The outer surface of the ramus of the 
mandible is eovered by the masseter muscle and ean be felt 
on deep palpation when this muscle is relaxed. 
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FIGIIRE 11.116 Posteroanterior radiograph of the skull. 
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FIGURE 11.117 Main features that ean be seen in the posteroanterior radiograph of the skull in Figure 11.116. 
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FIGIIRE 11.118 Lateral radiograph of the skoll. 
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FIGURE 11.119 Main features that ean be seen in the lateral radiograph of the skull in Figure 11.118. 
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FIGIIRE 11.120 Lateral internal earotid arteriogram. 
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FIGURE 11.121 Main features that ean be seen in the arteriogram in Figure 11.120. 
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FIGIIRE 11.122 Anteroposterior internal earotid arteriogram. 
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FIGURE 11.123 Ma in features that ean be seen in the arteriogram in Figure 11.122. 











672 GHAPTERll The Head and Neek 


frontal lobe 


white matter 

head of caudate 

nucleus 


lentiform nucleus 

body of lateral 

ventriele 

A 


falx eerebri 


skull 



oeeipital lobe 


longitudinal fissure 

genu of corpus 
callosum 

septum pellucidum 

anterior horn of 
lateral ventriele 

fornix 

third ventriele 
thalamus 


posterior horn of 
lateral ventriele 


internal oeeipital 
protuberance 


skull 


frontal erest 


lesser 
wing of 
sphenoid 



petrous 
part of temporal 

bone 

external 

auditory 

meatus 

mastoid antrum 



falx eerebri 


anterior eranial 
fossa 

greater wing 
of sphenoid 

middle eranial 
fossa 

foramen ovale 


tympanie eavity 


mastoid antrum 

cerebellum in 
posterior 
eranial fossa 


sphenoid air oeeipital medulla 

sinus bone oblongata 


FIGURE 11.124 Axial (horizontal) CT seans of the skull. A.The skull bones and the brain and the different parts of the lateral 
ventrieles. B. A sean made at a lovver level shovving the three eranial fossae. 
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FIGLIRE 11.125 MRi of the skull. A. Axial image of the brain shovving the different parts of the lateral ventriele and the lateral 
sulcus of the eerebral hemisphere. B. Goronal image through the frontal lobe of the brain shovving the anterior horn of the 
lateral ventriele. Note the improved eontrast betvveen the gray and vvhite matter eompared vvith the CT seans seen in Figure 
11 . 124 . 
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FIGLIRE 11.126 MRI of the skull. A. Goronal image through the oeeipital lobes of the brain shovving the posterior horn of the lat- 
eral ventriele and the cerebellum. B. Sagittal image shovving the different parts of the brain and the nasal and mouth eavities. 
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FIGURE 11.127 Axial (horizontal) MRI shovving the eontents of the orbital and the eranial eavities. Note that the eyeballs, the 
optie nerves, the optie ehiasma, and the extraocular muscles ean be identified. 
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FIGURE 11.128 A. Right side of the head shovving relations of the middle meningeal artery and the brain to the surface of the 
skull. B. Superior aspeet and right side of the neonatal skull. Note the positions of the anterior and posterior fontanelles. 
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Body of the Mandible 

The body of the mandible is best examined by having one 
finger inside the mouth and another on the outside. Thus, 
it is possible to examine the mandible from the symphy- 
sis menti, in the midline anteriorly, as far backward as the 
angle of the mandible (Fig. 11.128). 

Faeial Artery 

The pulsations of the faeial artery ean be felt as it erosses 
the lower margin of the body of the mandible, at the ante- 
rior border of the masseter muscle (Fig. 11.132). 

Anterior Border of the Masseter 

The anterior border of the masseter ean be easily felt by 
elenehing the teeth. 

Parotid Dnet 

The parotid duct runs forward from the parotid gland one 
fingerbreadth below the zygomatie areh (Fig. 11.132). It ean 
be rolled beneath the examining finger at the anterior bor- 
der of the masseter as it turns medially and opens into the 
mouth opposite the upper seeond molar tooth (Fig. 11.72). 

Orbital Margin 

The orbital margin is formed by the frontal, zygomatie, and 
maxillary bones (Fig. 11.18). 

Snpraorbital Noteh 

If present, the noteh ean be felt at the jnnetion of the medial 
and intermediate thirds of the upper margin of the orbit. 
It transmits the supraorbital nerve, which ean be rolled 
against the bone (Fig. 11.18). 

Infraorbital Foramen 

The infraorbital foramen lies 5 mm below the lower margin 
of the orbit (Fig. 11.1), on a line drawn downward from the 
snpraorbital noteh to the interval between the two lower 
premolar teeth. 

Infraorbital Nerve 

The infraorbital nerve emerges from the foramen and sup- 
plies the skin of the faee. 

Maxillary Air Sinns 

The maxillary air sinus is situated within the maxillary 
bone and lies below the infraorbital foramen on eaeh side 
(Fig. 11.97). 


Frontal Air Sinns 

The frontal air sinus is situated within the frontal bone and 

lies deep to the snpereiliary ridge on eaeh side (Fig. 11.97). 

Surface Landmarks of the Neek 

Anterior Aspeet 

In the midline anteriorly, the following structures ean be 

palpated from above downward: 

■ Symphysis menti: The lower margin ean be felt where 
the two halves of the body of the mandible unite in the 
midline (Figs. 11.129 and 11.130). 

■ Submental triangle: This lies between the symphysis 
menti and the body of the hyoid bone (Fig. 11.56). It is 
bonnded anteriorly by the midline of the neek, laterally 
by the anterior belly of the digastrie muscle, and inferi- 
orly by the body of the hyoid bone. The fioor is formed 
by the mylohyoid muscle. The submental lymph nodes 
are loeated in this triangle. 

■ Body of the hyoid bone: This lies opposite the 3rd eervi- 
eal vertebra (Figs. 11.13 and 11.129). 

■ Thyrohyoid membrane: This fills in the interval 
between the hyoid bone and the thyroid eartilage 
(Fig. 11.130). 

■ Upper border of the thyroid eartilage: This notehed 
structure lies opposite the 4th eervieal vertebra (Figs. 
11.13 and 11.129). 

■ Grieothyroid ligament: This structure fills in the inter- 
val between the erieoid eartilage and the thyroid earti- 
lage (Fig. 11.130). 

■ Grieoid eartilage: An important landmark in the neek 
(Fig. 11.129), this lies at the level of the 6th eervieal 
vertebra, at the jnnetion of the larynx with the traehea, at 
the level of the junction of the pharynx with the esopha- 
gus, at the level of the middle eervieal sympathetie gan- 
glion, and at the level where the inferior thyroid artery 
enters the thyroid gland. 

■ Grieotraeheal ligament: This structure fills in the inter- 
val between the erieoid eartilage and the first ring of the 
traehea (Fig. 11.98). 

■ First ring of the traehea: This ean be felt by gentle pal- 
pation just above the isthmus of the thyroid gland. 

■ Isthmns of the thyroid gland: This lies in front of 
the seeond, third, and fourth rings of the traehea 
(Figs. 11.129 and 11.130). 

■ Inferior thyroid veins: The inferior thyroid veins lie in 
front of the fifth, sixth, and seventh rings of the traehea 
(Fig. 11.110). 

■ Thyroidea ima artery: When present, this artery aseends 
in front of the traehea to the isthmus of the thyroid 
gland, from the braehioeephalie artery (Fig. 11.110). 

■ Jugular areh: This vein eonneets the two anterior jugu- 
lar veins just above the suprasternal noteh (Fig. 11.13). 
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FIGLIRE 11.129 Anterior view of the head and neek of a 29-year-old wonnan. Note that the atlanto-oeeipital joints and the eervi- 
eal part of the vertebral eolymn are partially extended for full exposure of the front of the neek. 


■ Suprasternal noteh: This ean be felt between the ante- 
rior ends of the elavieles (Fig. 11.129). It is the supe- 
rior border of the manubrium sterni and lies opposite 
the lower border of the body of the 2nd thoraeie 
vertebra. 

In the adult, the traehea may measure as much as 1 in. 
(2.5 em) in diameter, whereas in a baby it may be nar- 
rower than a peneil. In young ehildren, the thymus gland 
may extend above the snprasternal noteh as far as the isth- 
mus of the thyroid gland, and the braehioeephalie artery 
and the left braehioeephalie vein may protrnde above the 
snprasternal noteh. 

Posterior Aspeet 

In the midline posteriorly, the following structures ean be 
palpated from above downward. 

The external oeeipital protuberance lies in the midline 
at the jnnetion of the head and neek (Fig. 11.132). If the 
index finger is plaeed on the skin in the midline, it ean be 
drawn downward in the nuchal groove. The first spinons 
proeess to be felt is that of the 7th eervieal vertebra (verte- 
bra prominens). Gervieal spines one to six are eovered by 
the ligamentnm nuchae. 


Lateral Aspeet 

Sternoeleidomastoid Muscle 

On the side of the neek, the sternoeleidomastoid ean be pal- 
pated throughout its length as it passes upward from the 
sternum and elaviele to the mastoid proeess (Figs. 11.131 and 
11.132). The muscle ean be made to stand out by asking the 
patient to approximate the ear to the shonlder of the same 
side and at the same time rotate the head so that the faee 
looks upward toward the opposite side. If the movement is 
earried out against resistanee, the muscle will be felt to eon- 
traet, and its anterior and posterior borders will be defined. 

The sternoeleidomastoid divides the neek into ante- 
rior and posterior triangles. The anterior triangle of the 
neek is bonnded by the body of the mandible, the sterno- 
eleidomastoid, and the midline (Fig. 11.56). The posterior 
triangle is bonnded by the anterior border of the trapezins, 
the sternoeleidomastoid, and the elaviele (Fig. 11.56). 

Trapezius Muscle 

The anterior border of the trapezins muscle (Fig. 11.129) 
ean be felt by asking the patient to shrug the shoulders. It 
will be seen to extend from the snperior nuchal line of the 
oeeipital bone, downward and forward to the posterior 
border of the lateral third of the elaviele. 
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FIGURE 11.130 Surface anatomy of the neek from in front 


Platysma Muscle 

The platysma ean be seen as a sheet of mnsele by asking the 
patient to eleneh the jaws firmly. The mnsele extends from 
the body of the mandible downward over the elaviele onto 
the anterior thoraeie wall (Fig. 11.51). 

Root of the Neek 

At the root of the neek are the suprasternal noteh in the 
midline anteriorly (see page 677) and the elavieles. Eaeh 
elaviele is subcutaneous throughout its entire length and 
ean be easily palpated (Fig. 11.132). It artienlates at its 


lateral extremity with the aeromion of the seapnla. At the 
medial end of the elaviele, the sternoclavicular joint ean 
be identified. 

AnteriorTriangle of the Neek 

The isthmns of the thyroid gland lies in front of the see- 
ond, third, and fourth rings of the traehea (Figs. 11.129 
and 11.130). The lateral lobes of the thyroid gland ean 
be palpated deep to the sternoeleidomastoid mnseles. 
This is most easily earried out by standing behind the 
seated patient and asking the patient to flex the neek for- 
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FIGURE 11.131 Anterior vievv of the neek of a 27-year-old man. Note that the head has been laterally rotated to the left at the 
atlantoaxial joints and at the joints of the eervieal part of the vertebral column. 


ward and so relax the overlying mnseles. The observer ean 
then examine both lobes simnltaneonsly with the tips of 
the fingers of both hands. 

Garotid Sheath 

The earotid sheath, which eontains the earotid arteries, the 
internal jngnlar vein, the vagns nerve, and the deep eervi- 
eal lymph nodes, ean be marked out by a line joining the 
sternoclavicular joint to a point midway between the tip of 
the mastoid proeess and the angle of the mandible. At the 
level of the upper border of the thyroid eartilage, the eom- 
mon earotid artery bifnreates into the internal and external 
earotid arteries (Fig. 11.132). The pnlsations of these arter- 
ies ean be felt at this level. 

PosteriorTriangle of the Neek 

At the posterior triangle of the neek, the spinal part of the 
aeeessory nerve is relatively snperfieial as it emerges from the 
posterior border of the sternoeleidomastoid and runs down- 
ward and backward to pass beneath the anterior border of the 
trapezins (Fig. 11.132). The course of this nerve may be indi- 
eated as follows: Draw a line from the angle of the mandible 
to the tip of the mastoid proeess. Biseet this line at right angles 
and extend the seeond line downward aeross the posterior tri- 
angle; the seeond line indieates the course of the nerve. 

Roots andTmnks of the Braehial Plexus 

The roots and trunks of the braehial plexus occupy the 
lower anterior angle of the posterior triangle (Figs. 11.131 


and 11.132). The upper limit of the plexus ean be indieated 
by a line drawn from the erieoid eartilage downward to the 
middle of the elaviele. 

Third Part of the Subclavian Artery 

The third part of the snbelavian artery also oeenpies the 
lower anterior angle of the posterior triangle (Figs. 11.131 
and 11.132). Its course may be indieated by a curved line, 
which passes upward from the sternoclavicular joint for 
about 0.5 in. (1.3 em) and then downward to the middle 
of the elaviele. It is here, where the artery lies on the upper 
surface of the Ist rib, that its pulsations ean be felt easily. 
The snbelavian vein lies behind the elaviele and does not 
enter the neek. 

External JugularVein 

The external jugular vein lies in the snperfieial fas- 
eia deep to the platysma. It passes downward from the 
region of the angle of the mandible to the middle of the 
elaviele (Figs. 11.131 and 11.132). It perforates the deep 
faseia just above the elaviele and drains into the subcla- 
vian vein. 

Salivary Glands 

The three large salivary glands ean be palpated. The parotid 
gland lies below the ear in the interval between the man- 
dible and the anterior border of the sternoeleidomastoid 
muscle (Fig. 11.85). The surface marking of the parotid 
duct is given on page 631. 
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FIGURE 11.132 Surface anatomy of the neek from the lateral aspeet. 
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The submandibular gland ean be divided into 
superficial and deep parts. The snperfieial part lies 
beneath the lower margin of the body of the mandi- 
ble (Fig. 11.86). The deep part of the submandibular 
gland, the submandibular duct, and the sublingual 
gland ean be palpated through the mucous membrane 
eovering the floor of the mouth in the interval between 
the tongue and the lower jaw. The submandibular duct 
opens into the mouth on the side of the frenulum of the 
tongue (Fig. 11.72). 


eiinieal Cases and Review Questions 



www.thePoint.lww.coni/Snell9e. 









35-year-old vvoman deeided to help her neighbor move his ear, vvhieh vvas stuck in a 
snovvdrift. Despite much pushing, the ear vvould not move. It vvas deeided to make one last 
effort and this time the baek of the ear vvas to be lifted by its bumper. Suddenly, the vvoman 
experienced a sharp, shooting pain in the lovver baek. At the same time, she felt a deep, sharp pain 
dovvn the baek of the right leg. She tried to vvalk but her baek felt "loeked/' and any attempt to move 
intensified the pain. 

On being questioned by her physieian, the patient pointed to the lovver baek as the site of maximum 
pain and then ran her finger dovvn the baek of the thigh and the outer side of her right leg. 

On physieal examination, a deerease in the range of motion of the lumbosacral region of the spine 
vvas noted. When asked to vvalk, she vvas reluctant to put her vveight on the involved leg. The pain vvas 
made vvorse by sitting and coughing. Examination of the muscles of the legs revealed vveakness in 
extension of the right big toe and slight vveakness of the dorsiflexors of the foot. The muscle reflexes 
vvere normal in both lovver limbs. Slight sensory defieit vvas present over the anterior part of the right 
leg and the dorsomedial aspeet of the foot dovvn to the big toe. Tension on the lumbar saeral nerve 
roots vvas ereated vvhen the patient vvas in the supine position. With the pelvis stabilized, the right leg 
vvas slovvly raised by the heel, vvith the knee extended. The patient experienced severe pain dovvn the 
leg belovvthe knee. Radiographie and computed tomography (CT) examination revealed nothing abnor- 
mal. A magnetie resonanee imaging (MRI) study shovved a herniated dise betvveen the 4th and 5th 
lumbar vertebrae, vvhieh indieated thatthe nucleus pulposusvvas probably pressing onthefifth lumbar 


nerve root and vvould explain the symptoms and signs. 

I II ** i*^*i**i 


Lovv baek pain is a eommon eomplaint in elinieal praetiee and may be caused by a vvide spectrum of 
diseases. The anatomy of the region is complex, and many structures have the potential to cause pain. 
Only by having a sound knovvledge of the anatomy and the pathologie proeess involving the area ean the 
physieian identify the cause and starttreatment. 
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GHAPTER OBJEGTIVES 


■ Baek injuries range from a simple muscular or ligamentous baek 
strain to a eatastrophie injury of the spinal eord or cauda equina. 
Automobile aeeidents, motoreyele aeeidents, gunshot wounds, 
and sports injuries are just some of the eommon causes of baek 
injuries found in praetiee. 

■ Because of the anatomie configuration of this region, unpro- 
teeted movement of the damaged vertebral column during initial 
medieal eare atthe site of the aeeident ean result in irreversible 
injury to the delieate spinal eord. 


- Baek pain provides the praetieing physieian with a ehallenge. 
The physieian's task is to identify the likely source of the pain 
and the pathologie proeess causing it. 

■ The purpose of this ehapter is to review the basie anatomy of 
the vertebral column and related soft nervous tissue structures 
so thatthe physieian will feel reasonably eonfidentto institute 
the appropriate treatment. 



Basig Anatomy 


The baek, which extends from the sknll to the tip of the 
coccyx, ean be defined as the posterior snrfaee of the trnnk. 
Snperimposed on the npper part of the posterior snrfaee of 
the thorax are the seapnlae and the mnseles that eonneet 
the seapnlae to the trnnk. 


The Vertebral Columii 

The vertebral eolnmn is the eentral bony pillar of the body. 
It snpports the sknll, peetoral girdle, npper limbs, and tho- 
raeie eage and, by way of the pelvie girdle, transmits body 
weight to the lower limbs. Within its eavity lie the spinal 
eord, the roots of the spinal nerves, and the eovering menin- 
ges, to which the vertebral eolnmn gives great proteetion. 

Gomposition of the Vertebral Golnmn 

The vertebral eolnmn (Figs. 12.1 and 12.2) is eomposed of 33 
vertebrae—7 eervieal, 12 thoraeie, 5 Inmbar, 5 saeral (fiised 


to form the saernm), and 4 eoeeygeal (the lower 3 are eom- 
monly fiised). Beeanse it is segmented and made up of verte- 
brae, joints, and pads of fibroeartilage ealled intervertebral 
dises, it is a fiexible structure. The intervertebral dises form 
about one quarter the length of the column. 

General Gharaeteristies of a Vertebra 

Althongh vertebrae show regional differenees, they all pos- 
sess a eommon pattern (Fig. 12.2). 

A typieal vertebra eonsists of a ronnded body anteri- 
orly and a vertebral areh posteriorly. These enelose a spaee 
ealled the vertebral foramen, throngh which run the spinal 
eord and its eoverings. The vertebral areh eonsists of a pair 
of eylindrieal pedieles, which form the sides of the areh, 
and a pair of fiattened laminae, which eomplete the areh 
posteriorly. 

The vertebral areh gives rise to seven proeesses: one 
spinons, two transverse, and four articular (Fig. 12.2). 

The spinons proeess, or spine, is direeted posteriorly 
from the junction of the two laminae. The transverse 
proeesses are direeted laterally from the jnnetion of the 
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FIGURE 12.1 Posterior vievv of the skeleton shovving the surface markings on the baek 


laminae and the pedieles. Both the spinons and transverse 
proeesses serve as levers and reeeive attaehments of mnseles 
and ligaments. 

The articular proeesses are vertieally arranged and 
eonsist of two superior and two inferior proeesses. They 
arise from the junction of the laminae and the pedieles, and 
their articular surfaces are eovered with hyaline eartilage. 

The two superior articular proeesses of one vertebral 
areh articulate with the two inferior articular proeesses of 
the areh above, forming two synovial joints. 


The pedieles are notehed on their superior and 
inferior borders, forming the superior and inferior 
vertebral notehes. On eaeh side, the superior noteh 
of one vertebra and the inferior noteh of an adjaeent 
vertebra together form an intervertebral foramen. 
These foramina, in an articulated skeleton, serve to 
transmit the spinal nerves and blood vessels. The ante- 
rior and posterior nerve roots of a spinal nerve unite 
within these foramina with their eoverings of dura to 
form the segmental spinal nerves. 
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FIGURE 12.2 A. Lateral vievv of the vertebral colunnn. B. General features of different kinds of vertebrae. 
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Examìnatìon of the Baek 

It is importantthatthe vvhole area of the baek and legs be examined 
and thatthe shoes be removed. Unequal length of the legs or disease 
of the hip joints ean lead to abnormal curvatures of the vertebral eol- 
umn. The patient should be asked to vvalk up and dovvn the examina- 
tion room so that the normal tilting movement of the pelvis ean be 
observed. As one side of the pelvis is raised, a eoronal lumbar eon- 
vexity develops on the opposite side, vvith a eompensatory thoraeie 
convexity on the same side. When a person assumes the sitting posi- 
tion, itvvill be noted thatthe normal lumbar curvature beeomes flat- 
tened, vvith an inerease in the interval betvveen the lumbar spines. 

The normal range of movements of the different parts of the 
vertebral column should be tested. In the eervieal region, flex- 
ion, extension, lateral rotation, and lateral flexion are possible. 
Remember that about half of the movement referred to as flexion 
is earried out atthe atlanto-oeeipital joints. In flexion,the patient 


should be able to touch his or her ehest vvith the ehin, and in 
extension he or she should be able to look direetly upvvard. In 
lateral rotation, the patient should be able to plaee the ehin 
nearly in line vvith the shoulder. Half of lateral rotation occurs 
betvveen the atlas and the axis. In lateral flexion, the head ean 
normally be tilted 45° to eaeh shoulder. It is important that the 
shoulder is not raised vvhen this movement is being tested. 

In thethoraeie region,the movements are limited bythe pres- 
enee of the ribs and sternum. When testing for rotation, make 
sure that the patient does not rotate the pelvis. 

In the lumbar region, flexion, extension, lateral rotation, and 
lateral flexion are possible. Flexion and extension are fairly free. 
Lateral rotation, hovvever, is limited by the interloeking of the 
articular proeesses. Lateral flexion in the thoraeie and lumbar 
regions is tested by asking the patientto slide, in turn, eaeh hand 
dovvn the lateral side of the thigh. 


eharaeteristies of aTypieal Gervieal Vertebra 

A typieal eervieal vertebra has the following eharaeteristies 
(Fig. 12.3): 

■ The transverse proeesses possess a foramen trans- 
versarinm for the passage of the vertebral artery and 





veins (note that the vertebral artery passes throngh the 
transverse proeesses C1 to 6 and not throngh C7). 

The spines are small and bifid. 

The body is small and broad from side to side. 

The vertebral foramen is large and triangnlar. 
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FIGURE 12.3 A.Typieal eervieal vertebra, superior aspeet. B. Atlas, or 1 st eervieal vertebra, superior aspeet. C. Axis, or 2nd 
eervieal vertebra, from above and behind. D. 7th eervieal vertebra, superior aspeet; the foramen transversarium forms a 
passage for the vertebral vein but not for the vertebral artery. 
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■ The superior articular proeesses have faeets that faee 
posteriorly and superiorly; the inferior proeesses have 
faeets that faee inferiorly and anteriorly. 

eharaeteristies of theAtypieal Gervieal Vertebrae 

The Ist, 2nd, and 7th eervieal vertebrae are atypieal. 

The Ist eervieal vertebra, or atlas (Fig. 12.3), does not 
possess a body or a spinons proeess. It has an anterior and 
posterior areh. It has a lateral mass on eaeh side with articu- 
lar surfaces on its upper surface for articulation with the 
oeeipital eondyles (atlanto-oeeipital joints) and artienlar 
snrfaees on its inferior snrfaee for artienlation with the axis 
(atlantoaxial joints). 

The 2nd eervieal vertebra, or axis (Fig. 12.3), has a 
peglike odontoid proeess (dens) that projeets from the 
snperior snrfaee of the body (representing the body of the 
atlas that has fnsed with the body of the axis). 

The 7th eervieal vertebra, or vertebra prominens 
(Fig. 12.3), is so named beeanse it has the longest spinons 
proeess, and the proeess is not bifid. The transverse proeess 
is large, but the foramen transversarinm is smaU and transmits 
the vertebral vein or veins. 

eharaeteristies of aTypiealThoraeieVertebra 

A typieal thoraeie vertebra has the following eharaeteristies 
(Fig. 12.2): 

■ The body is medium size and heart shaped. 

■ The vertebral foramen is small and eirenlar. 

■ The spines are long and inelined downward. 

■ Gostal faeets are present on the sides of the bodies for 
artienlation with the heads of the ribs. 

■ Gostal faeets are present on the transverse proeesses 
for artienlation with the tnbereles of the ribs (Tll and 
12 have no faeets on the transverse proeesses). 

■ The snperior artienlar proeesses bear faeets that faee 
posteriorly and laterally, whereas the faeets on the infe- 
rior artienlar proeesses faee anteriorly and medially. The 
inferior artienlar proeesses of the 12th vertebra faee lat- 
erally, as do those of the lumbar vertebrae. 

eharaeteristies of aTypieal LumbarVertebra 

A typieal lumbar vertebra has the following eharaeteristies 
(Fig. 12.2): 

■ The body is large and kidney shaped. 

■ The pedieles are strong and direeted backward. 

■ The laminae are short in a vertieal dimension (impor- 
tant when performing a spinal tap. See page 704). 

■ The vertebral foramina are triangnlar. 

■ The transverse proeesses are long and slender. 

■ The spinons proeesses are short, fiat, and quadrangular 
and projeet posteriorly. 

■ The artienlar snrfaees of the snperior artienlar proeesses 
faee medially, and those of the inferior artienlar pro- 
eesses faee laterally. 

Note that the lumbar vertebrae have no faeets for artienla- 
tion with ribs and no foramina in the transverse proeesses. 

Saemm 

The saernm (Fig. 12.2) eonsists of five rndimentary verte- 
brae fiised together to form a wedge-shaped bone, which is 


eoneave anteriorly. The upper border, or base, of the bone 
artienlates with the 5th lumbar vertebra. The narrow infe- 
rior border artienlates with the coccyx. Laterally, the saernm 
artienlates with the two iliae bones to form the saerofiiae 
joints (see Fig. 6.1). The anterior and upper margin of the 
first saeral vertebra bulges forward as the posterior margin of 
the pelvie inlet and is laiown as the saeral promontory. The 
saeral promontory in the female is of eonsiderable obstetrie 
importanee and is used when measnring the size of the pelvis. 

The vertebral foramina are present and form the saeral 
eanal. The laminae of the 5th saeral vertebra, and some- 
times those of the 4th also, fail to meet in the midline, 
forming the saeral hiatns (see Fig. 6.8). The saeral eanal 
eontains the anterior and posterior roots of the saeral and 
eoeeygeal spinal nerves, the filum terminale, and fibrofatty 
material. It also eontains the lower part of the snbaraeh- 
noid spaee down as far as the lower border of the seeond 
saeral vertebra. 

The anterior and posterior snrfaees of the saernm eaeh 
have four foramina on eaeh side for the passage of the ante- 
rior and posterior rami of the upper four saeral nerves. 

Coccyx 

The coccyx eonsists of four vertebrae fiised together to 
form a single, small triangnlar bone that artienlates at its 
base with the lower end of the saernm (Fig. 12.2). The first 
eoeeygeal vertebra is usually not fiised or is ineompletely 
fiised with the seeond vertebra. 

Knowledge of the preeeding basie anatomy of the ver- 
tebral column is important when interpreting radiographs 
and when noting the preeise sites of bony pathologie fea- 
tures relative to soft tissue injury. 

Important Variations in the Vertebrae 

The number of eervieal vertebrae is eonstant, but the sev- 
enth eervieal vertebra may possess a eervieal rib (see page 
37). The thoraeie vertebrae may be inereased in number by 
the addition of the Ist lumbar vertebra, which may have a 
rib. The 5th lumbar vertebra may be ineorporated into the 
saernm; this is usually ineomplete and may be limited to 
one side. The Ist saeral vertebra may remain partially or 
eompletely separate from the saernm and resemble a 6th 
lumbar vertebra. A large extent of the posterior wall of the 
saeral eanal may be absent beeanse the laminae and spines 
fail to develop. 

The coccyx, which usually eonsists of four fiised verte- 
brae, may have three or five vertebrae. The Ist eoeeygeal 
vertebra may be separate. In this eondition, the free ver- 
tebra usually projeets downward and anteriorly from the 
apex of the saernm. 

Joints of the Vertebral Golnmn 

Atlanto-Oeeìpital Joìnts 

The atlanto-oeeipital joints are synovial joints that are 
formed between the oeeipital eondyles, which are found on 
either side of the foramen magnum superiorly and the fae- 
ets on the snperior snrfaees of the lateral masses of the atlas 
inferiorly (Fig. 12.4). They are enelosed by a eapsnle. 
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FIGURE 12.4 Anterior vievv (A) and posterior vievv (B) of the atlanto-oeeipital joints. Sagittal seetion (C) and posterior vievv 
(D) of the atlantoaxial joints. Note that the posterior areh of the atlas and the laminae and spine of the axis have been removed 


Ligaments 

■ Anterior atlanto-oeeipital membrane: This is a eontin- 
nation of the anterior longitndinal ligament, which runs 
as a band down the anterior surface of the vertebral eol- 
umn. The membrane eonneets the anterior areh of the 
atlas to the anterior margin of the foramen magnum. 

■ Posterior atlanto-oeeipital membrane: This membrane 
is similar to the ligamentnm fiavnm (see page 690) and 
eonneets the posterior areh of the atlas to the posterior 
margin of the foramen magnum. 

Movements 

Flexion, extension, and lateral f[exion. No rotation is 

possible. 


Atlantoaxial Joints 

The atlantoaxial joints are three synovial joints: one 
is between the odontoid proeess and the anterior areh 
of the atlas, and the other two are between the lateral 
masses of the bones (Fig. 12.4). The joints are enelosed 
by eapsnles. 

Ligaments 

■ Apieal ligament: This median-plaeed structure eon- 
neets the apex of the odontoid proeess to the anterior 
margin of the foramen magnum. 

■ Alar ligaments: These lie one on eaeh side of the apieal 
ligament and eonneet the odontoid proeess to the medial 
sides of the oeeipital eondyles. 
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■ Cruciate ligament: This ligament eonsists of a trans- 
verse part and a vertieal part. The transverse part is 
attaehed on eaeh side to the inner aspeet of the lateral 
mass of the atlas and binds the odontoid proeess to the 
anterior areh of the atlas. The vertieal part runs from the 
posterior surface of the body of the axis to the anterior 
margin of the foramen magnum. 

■ Membrana teetoria: This is an upward continuation of 
the posterior longitndinal ligament. It is attaehed above 
to the oeeipital bone just within the foramen magnum. 
It eovers the posterior surface of the odontoid proeess 
and the apieal, alar, and erneiate ligaments. 

Movements 

There ean be extensive rotation of the atlas and thus of the 
head on the axis. 

Joints of the Vertebral Column below theAxis 

With the exception of the first two eervieal vertebrae, the 
remainder of the mobile vertebrae artienlates with eaeh 
other by means of eartilaginons joints between their bod- 
ies and by synovial joints between their artienlar proeesses 
(Fig. 12.5). 

Joints betweenTwo Vertebral Bodies 

The snperior and inferior snrfaees of the bodies of adjaeent 
vertebrae are eovered by thin plates of hyaline eartilage. Sand- 
wiched between the plates of hyaline eartilage is an interver- 
tebral dise of fibroeartilage (Fig. 12.5). The eollagen fibers of 
the dise strongly unite the bodies of the two vertebrae. 


In the lower eervieal region, small synovial joints are 
present at the lateral sides of the intervertebral dise between 
the upper and lower snrfaees of the bodies of the vertebrae. 

Intervertebral Dises 

The intervertebral dises are the main structures that bind 
together the vertebral bodies, and they extend from C2 
to the saernm (C1 has no vertebral body). The dises are 
responsible for one quarter of the length of the vertebral 
column below the level of C2 (Fig. 12.5). They are thiekest 
in the eervieal and lumbar regions, where the movements 
of the vertebral column are greatest. They may be regarded 
as semielastie dises, which lie between the rigid bodies of 
adjaeent vertebrae (Fig. 12.5). Their physieal eharaeteristies 
permit them to serve as shoek absorbers when the load on 
the vertebral column is snddenly inereased, as when one 
is jnmping from a height. Their elastieity allows the rigid 
vertebrae to move one on the other. Unfortunately, their 
resilienee is gradnally lost with advaneing age. 

Eaeh dise eonsists of a peripheral part, the anulus fibro- 
sus, and a eentral part, the nucleus pulposus (Fig. 12.5). 

The anulus fibrosus is eomposed of fibroeartilage, in 
which the eollagen fibers are arranged in eoneentrie lay- 
ers or sheets. The eollagen bnndles pass obliquely between 
adjaeent vertebral bodies, and their inelination is reversed 
in alternate sheets. The more peripheral fibers are strongly 
attaehed to the anterior and posterior longitndinal 
ligaments of the vertebral column. 

The nucleus pulposus in ehildren and adoleseents is 
an ovoid mass of gelatinons material eontaining a large 
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FIGLIRE 12.5 A. Joints in the eervieal, thoraeie, and lumbar regions of the vertebral column. B.Third lumbar vertebra seen 
from above shovving the relationship betvveen intervertebral dise and cauda equina. C. Sagittal seetion through three lumbar 
vertebrae shovving ligaments and intervertebral dises. Note the relationship betvveen the emerging spinal nerve in an 
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amount of water, a small number of eollagen fibers, and a 
few eartilage eells. It is normally under pressure and situ- 
ated slightly nearer to the posterior than to the anterior 
margin of the dise. 

The superior and inferior snrfaees of the bodies of adja- 
eent vertebrae that abut onto the dise are eovered with thin 
plates of hyaline eartilage. No dises are found between the 
first two eervieal vertebrae or in the sacrum or coccyx. 

Function of the Intervertebral Dises 

The semifiuid nature of the nucleus pulposus allows it to 
ehange shape and permits one vertebra to roek anteriorly 
or posteriorly on another, as in fiexion and extension of the 
vertebral column. 

A sudden inerease in the eompression load on the ver- 
tebral column causes the semifiuid nucleus pulposus to 
beeome fiattened. The outward thrust of the nucleus is 
aeeommodated by the resilienee of the surrounding anu- 
lus fibrosus. Sometimes, the outward thrust is too great for 
the anulus fibrosus and it ruptures, allowing the nucleus 
pulposus to herniate and protrnde into the vertebral eanal, 
where it may press on the spinal nerve roots, the spinal 
nerve, or even the spinal eord (see page 701). 

With advaneing age, the water eontent of the nucleus 
pulposus diminishes and is replaeed by fibroeartilage. The 
eollagen fibers of the anulus degenerate and, as a result, the 
anulus eannot always eontain the nucleus pulposus under 
stress. In old age, the dises are thin and less elastie, and it is no 
longer possible to distinguish the nucleus from the anulus. 

Ligaments 

The anterior and posterior longitndinal ligaments run 

as continuous bands down the anterior and posterior sur- 
faees of the vertebral column from the skull to the sacrum 
(Figs. 12.5 and 12.14). The anterior ligament is wide and 
is strongly attaehed to the front and sides of the vertebral 
bodies and to the intervertebral dises. The posterior liga- 
ment is weak and narrow and is attaehed to the posterior 
borders of the dises. These ligaments hold the vertebrae 
firmly together but at the same time permit a small amount 
of movement to take plaee between them. 

Joints betweenTwo Vertebral Arehes 

The joints between two vertebral arehes eonsist of syno- 
vial joints between the snperior and inferior artienlar pro- 
eesses of adjaeent vertebrae (Fig. 12.5). The articular faeets 
are eovered with hyaline eartilage, and the joints are sur- 
rounded by a capsular ligament. 

Ligaments 

■ Supraspinous ligament (Fig. 12.5): This runs between 
the tips of adjaeent spines. 

■ Interspinons ligament (Fig. 12.5): This eonneets adja- 
eent spines. 

■ Intertransverse ligaments: These run between adjaeent 
transverse proeesses. 

■ Ligamentnm flavum (Fig. 12.5): This eonneets the lam- 
inae of adjaeent vertebrae. 

In the eervieal region, the supraspinous and inters- 
pinous ligaments are greatly thiekened to form the strong 
ligamentum nuchae. The latter extends from the spine of 


thoraeie 


spinous 

proeess 


articular braneh 


posterior rannus 
of spinal nerve 


anterior rannus 
of spinal nerve 

gray rannus 
connnnunicans 


white rannus 
connnnunicans 



sympathetie 


meningeal 
braneh of 
spinal nerve 


posterior 
ramus of 
spinal nerve 


anterior ramus 
of spinal nerve 


FIGURE12.6 The innervation of vertebral joints. At any 
particular vertebral level, the joints reeeive nerve fibers from 
tvvo adjaeent spinal nerves. 


the 7th eervieal vertebra to the external oeeipital protuber- 
anee of the skull, with its anterior border being strongly 
attaehed to the eervieal spines in between. 

Nerve Supply of Vertebral Joints 

The joints between the vertebral bodies are innervated 
by the small meningeal branehes of eaeh spinal nerve 
(Fig. 12.6). The nerve arises from the spinal nerve as it exits 
from the intervertebral foramen. It then re-enters the verte- 
bral eanal throngh the intervertebral foramen and snpplies 
the meninges, ligaments, and intervertebral dises. The joints 
between the artienlar proeesses are innervated by branehes 
from the posterior rami of the spinal nerves (Fig. 12.6). 
It should be noted that the joints of any partienlar level 
reeeive nerve fibers from two adjaeent spinal nerves. 

Curves of the Vertebral Column 

Curves in the Sagìttal Plane 

In the fetus, the vertebral column has one continuous ante- 
rior eoneavity. As development proeeeds, the inmbosaeral 
angle appears. After birth, when the ehild is able to raise his 
or her head and keep it poised on the vertebral column by 
muscular aetivity, the eervieal part of the vertebral column 
beeomes eoneave posteriorly (Fig. 12.7). Toward the end of 
the first year, when the ehild begins to stand npright as the 
result of muscular aetivity, the lumbar part of the vertebral 
column beeomes eoneave posteriorly. The development 
of these seeondary curves results in a modifieation in the 
shape of the vertebral bodies and the intervertebral dises. 

In the adult in the standing position (Fig. 12.7), the ver- 
tebral column therefore exhibits in the sagittal plane the 
following regional curves: eervieal, posterior eoneavity; 







Basie Anatomy 691 



nevvborn infant 

A 



baby holds head up steadily 


B 


(3-4 months) 




spinal eord 


filum terminale 

subarachnoid spaee 
filled vvith eerebrospinal fluid 


FIGLIRE 12.7 A-C. Curves of the vertebral column at different ages. D. In the adult, the lovver end of the spinal eord lies at the 
level of the lovver border of the body of the first lumbar vertebra (top arrovv), and the subarachnoid spaee ends at the lovver 
border of the body of the seeond saeral vertebra {bottom arrovv). 


thoraeie, posterior convexity; Inmbar, posterior eoneavity; 
and saeral, posterior convexity. Dnring the later months of 
pregnaney, with the inerease in size and weight of the fetns, 
women tend to inerease the posterior Inmbar eoneavity in 
an attempt to preserve their eenter of gravity. In old age, the 
intervertebral dises atrophy, resnlting in a loss of height and 
a gradnal retnrn of the vertebral eolnmn to a eontinnons 
anterior eoneavity. 

Curves in the Goronal Plane 

In late ehildhood, it is eommon to find the development 
of minor lateral enrves in the thoraeie region of the ver- 
tebral eolnmn. This is normal and is nsnally eansed by the 
predominant use of one of the upper limbs. For example, 
right-handed persons will often have a slight right-sided 
thoraeie convexity. Slight eompensatory curves are always 
present snperior and inferior to such a curvature. 




e L I N I e A L N 0 T E S 


Abnormal Curves of the Vertebral Column 

Kyphosis is an exaggeration in the sagittal curvature present 
in the thoraeie part of the vertebral column. It ean be caused 
by muscular vveakness or by structural ehanges in the verte- 
bral bodies or by intervertebral dises. In siekly adoleseents, 
for example, vvhere the muscle tone is poor, long hours of 
study or vvork over a lovv desk ean lead to a gently curved 
kyphosis of the upperthoracic region. The person is said to be 
"round-shouldered." Crush fractures or tuberculous destruc- 
tion of the vertebral bodies leads to acute angular kyphosis 
of the vertebral column. In the aged, osteoporosis (abnormal 
rarefaetion of bone) and/or degeneration of the intervertebral 
dises leads to senile kyphosis, involving the eervieal, tho- 
raeie, and lumbar regions of the column. 

Lordosis is an exaggeration in the sagittal curvature 
present in the lumbar region. Lordosis may be caused by an 


inerease in the vveight of the abdominal eontents, as vvith the 
gravid uterus or a large ovarian tumor, or it may be caused 
by disease of the vertebral column such as spondylolisthesis 
(see page 693). The possibility that it is a postural eompensa- 
tion for a kyphosis in the thoraeie region or a disease of the 
hip joint (eongenital disloeation) must not be overlooked. 

Seoliosis is a lateral deviation of the vertebral column. 
This is most eommonly found in the thoraeie region and may 
be caused by muscular or vertebral defeets. Paralysis of 
muscles caused by poliomyelitis ean cause severe seoliosis. 
The presenee of a eongenital hemivertebra ean cause seolio- 
sis. Often, seoliosis is eompensatory and may be caused by a 
short leg or hip disease. 

V___ y 

Movements of the Vertebral Golnmn 

As has been seen in the previons seetions, the vertebral 
eolnmn eonsists of several separate vertebrae aeenrately 
positioned one on the other and separated by interverte- 
bral dises. The vertebrae are held in position relative to 
one another by strong ligaments that severely limit the 
degree of movement possible between adjaeent vertebrae. 
Nevertheless, the snmmation of all these movements gives 
the vertebral eolnmn as a whole a remarkable degree of 
mobility. 

The following movements are possible: fiexion, exten- 
sion, lateral fiexion, rotation, and eirenmdnetion. 

■ Flexion is an anterior movement, and extension is a 
posterior movement. Both are extensive in the eervi- 
eal and Inmbar regions but restrieted in the thoraeie 
region. 

■ Lateral flexion is the bending of the body to one or 
the other side. It is extensive in the eervieal and lumbar 
regions but restrieted in the thoraeie region. 

■ Rotation is a twisting of the vertebral column. This is 
least extensive in the lumbar region. 

■ Girenmdnetion is a eombination of all these movements. 



(eontinaed) 
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The type and range of movements possible in eaeh region of 
the eolnmn largely depend on the thiekness of the interver- 
tebral dises and the shape and direetion of the artienlar pro- 
eesses. In the thoraeie region, the ribs, the eostal eartilages, 
and the sternnm severely restriet the range of movement. 

The atlanto-oeeipital joints permit extensive f[exion and 
extension of the head. The atlantoaxial joints allow a wide 
range of rotation of the atlas and thus of the head on the axis. 

The vertebral column is moved by numerous mus- 
eles, many of which are attaehed direetly to the vertebrae, 
whereas others, such as the sternoeleidomastoid and the 
abdominal wall mnseles, are attaehed to the skull or to the 
ribs or faseiae. 

In the eervieal region, f[exion is prodneed by the 
longus eervieis, scalenus anterior, and sternoeleidomas- 
toid mnseles. Extension is prodneed by the postvertebral 
mnseles (see page 693). Lateral f[exion is prodneed by 


the sealenns anterior and medius and the trapezins and 
sternoeleidomastoid mnseles. Rotation is prodneed by 
the sternoeleidomastoid on one side and the splenins on 
the other side. 

In the thoraeie region, rotation is prodneed by the 
nnilateral eontraetion of the semispinalis and rotatores 
mnseles, assisted by the oblique muscles of the anterolat- 
eral abdominal wall. 

In the Inmbar region, f[exion is prodneed by the 
rectus abdominis and the psoas mnseles. Extension is 
prodneed by the postvertebral mnseles. Lateral flexion 
is prodneed by the postvertebral mnseles, the quadra- 
tus lumborum, and the oblique muscles of the antero- 
lateral abdominal wall. The psoas may also play a part 
in this movement. Rotation is prodneed by the rotatores 
mnseles and the oblique muscles of the anterolateral 
abdominal wall. 



e L 


N I e A L 
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Disloeatìons of the Vertebral Golnmn 

Disloeations without fracture occur only in the eervieal region 
becausethe inelination of the articular proeesses of the eervieal 
vertebrae permits disloeation to take plaee without fracture of 
the proeesses. In the thoraeie and lumbar regions, disloeations 
ean occur only if the vertieally plaeed articular proeesses are 
fractured. 

Disloeations eommonly occur between the 4th and 5th or 5th 
and 6th eervieal vertebrae, where mobility is greatest. In unilat- 
eral disloeations, the inferior articular proeess of one vertebra is 
foreed forward overthe anterior margin of the superior articular 
proeess of the vertebra below. Because the articular proeesses 
normally overlap,they beeome loeked in the disloeated position. 
The spinal nerve on the same side is usually nipped in the inter- 
vertebral foramen, producing severe pain. Fortunately, the large 
size of the vertebral eanal allows the spinal eord to eseape dam- 
age in most eases. 

Bilateral eervieal disloeations are almost always assoeiated 
with severe injury to the spinal eord. Death occurs immediately 
if the upper eervieal vertebrae are involved because the respira- 
tory muscles, including the diaphragm (phrenie nerves C3 to 5), 
are paralyzed. 

Fractures of the Vertebral Column 

Fractures of the Spinous Proeesses, Transverse 
Proeesses, or Laminae 

Fractures of the spinous proeesses, transverse proeesses, or 
laminae are caused by direet injury or, in rare eases, by severe 
muscular aetivity. 

Anterior and Lateral Gompression Fraetnres 

Anterior eompression fractures of the vertebral bodies are usu- 
ally caused by an excessive flexion eompression type of injury 
and take plaee atthe sites of maximum mobility or atthe junction 
of the mobile and fixed regions of the column. It is interesting to 
note that the body of a vertebra in such a fracture is crushed. 


whereas the strong posterior longitudinal ligament remains 
intaet. The vertebral arehes remain unbroken and the interverte- 
bral ligaments remain intaet so that vertebral displaeement and 
spinal eord injury do not occur. When injury causes excessive 
lateral flexion in addition to excessive flexion, the lateral part of 
the body is also crushed. 

Fracture Disloeations 

Fracture disloeations are usually caused by a eombination of a 
flexion and rotation type of injury; the upper vertebra is exces- 
sively flexed and twisted on the lower vertebra. Here again, 
the site is usually where maximum mobility occurs, as in the 
lumbar region, or atthe junction of the mobile and fixed region 
of the column, as in the lower lumbar vertebrae. Because the 
articular proeesses are fractured and the ligaments are torn, the 
vertebrae involved are unstable, and the spinal eord is usually 
severely damaged or severed, with aeeompanying paraplegia. 

Vertieal Compression Fractures 

Vertieal eompression fractures occur in the eervieal and lumbar 
regions, where it is possible to fully straighten the vertebral eol- 
umn (Fig. 12.8). In the eervieal region, with the neek straight, an 
excessive vertieal foree applied from above will cause the ring of 
the atlas to be disrupted and the lateral masses to be displaeed 
laterally (Jefferson's fraetnre). If the neek is slightly flexed, the 
lower eervieal vertebrae remain in a straight line and the eom- 
pression load is transmitted to the lower vertebrae, causing dis- 
ruption of the intervertebral dise and breakup of the vertebral 
body. Pieees of the vertebral body are eommonly foreed baek into 
the spinal eord. 

It is possible for nontraumatic eompression fractures to 
occur in severe eases of osteoporosis and for pathologie frae- 
turesto take plaee. 

In the straightened lumbar region, an excessive foree from 
below ean cause the vertebral body to break up, with protrusion 
of fragments posteriorly into the spinal eanal. 


(eontinaedj 
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Fractures of the Odontoid Proeess of the Axis 

Fractures of the odontoid proeess are relatively eommon and 
resultfrom falls or blovvs on the head (Fig. 12.8). Excessive mobil- 
ity of the odontoid fragment or rupture of the transverse ligament 
ean result in eompression injury to the spinal eord. 

Fracture of the Pedieles of the Axis (Hangman's 
Fraetnre) 

Severe extension injury of the neek, such as might occur in an 
automobile aeeident or a fall, is the usual cause of hangman's 
fracture. Sudden overextension of the neek, as produced by the 
knot of a hangman's rope beneath the ehin, is the reason for the 
eommon name. Because the vertebral eanal is enlarged by the 
forvvard displaeement of the vertebral body of the axis,the spinal 
eord is rarely eompressed (Fig. 12.8). 

Gongenital Spondylolisthesis 

In eongenital spondylolisthesis, the body of a lovver lumbar 
vertebra, usually the fifth, moves forvvard on the body of the 
vertebra belovv and earries vvith it the vvhole of the upper 


portion of the vertebral column. The essential defeet is in 
the pedieles of the migrating vertebra. It is novv generally 
believed that, in this eondition, the pedieles are abnormally 
formed and aeeessory eenters of ossifieation are present 
and fail to unite. The spine, laminae, and inferior articular 
proeesses remain in position, vvhereas the remainder of the 
vertebra, having lost the restraining influence of the inferior 
articular proeesses, slips forvvard. Because the laminae are 
left behind, the vertebral eanal is not narrovved, but the nerve 
roots may be pressed on, causing lovv baekaehe and seiatiea. 
In severe eases, the trunk beeomes shortened, and the lovver 
ribs eontaetthe iliae erest. 

Degenerative Spondylolíthesís 

This eondition is eommon in the elderly and involves degenera- 
tion of the intervertebral dises in the lumbar region and osteo- 
arthritis of the intervertebral joints. Anterior slippage of the fifth 
lumbar vertebra often occurs, and the lumbar nerve roots may 
be pressed upon causing lovv baek pain and pain dovvn the leg in 
the distribution of the involved nerve. 


Muscles of the Baek 

The muscles of the baek may be divided into three groups: 

■ The superficial muscles eonneeted with the shonlder 
girdle. They are deseribed in Ghapter 9. 

■ The intermediate muscles involved with movements of 
the thoraeie eage. They are deseribed with the thorax in 
ehapter 2. 


■ The deep muscles or postvertebral muscles belonging 
to the vertebral column. 

Deep Muscles of the Baek 
(Postvertebral Muscles) 

In the standing position, the line of gravity (Fig. 12.9) 
passes throngh the odontoid proeess of the axis, posterior 




site of nipping 
of spinal nerve 




site of destruction 
of spinal eord 




D 



waist fracture of odontoid proeess 


base fracture of odontoid proeess 


fracture of pediele 
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FIGIJRE 12.8 Disloeations and fractures of the vertebral column. A. Llnilateral disloeation of the fifth or the sixth eervieal verte- 
bra. Note the anterior displaeement of the inferior articular proeess over the superior articular proeess of the vertebra belovv. 
B. Bilateral disloeation of the fifth or the sixth eervieal vertebra. Note that 50% of the vertebral body vvidth has moved for- 
ward on the vertebra below. C. Flexion eompression-type fracture of the vertebral body in the lumbar region. D. Jefferson's- 
type fracture of the atlas. E. Fractures of the odontoid proeess and the pedieles (hangman's fracture) of the axis. 
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FIGURE 12.9 A. Arrangement of the deep muscles of the baek. B. Lateral vievv of the skeleton shovving the line of gravity. 
Because the greater part of the body vveight lies anterior to the vertebral column, the deep muscles of the baek are impor- 
tant in maintaining the normal postural curves of the vertebral column in the standing position. 


to the eenters of the hip joints, and anterior to the knee 
and ankle joints. It follows that when the body is in this 
position, the greater part of its weight falls in front of the 
vertebral eolnmn. It is, therefore, not snrprising to find 
that the postvertebral mnseles of the baek are well devel- 
oped in hnmans. The postnral tone of these mnseles is the 
major faetor responsible for the maintenanee of the normal 
enrves of the vertebral eolnmn. 

The deep mnseles of the baek form a broad, thiek eolnmn 
of mnsele tissne, which oeenpies the hollow on eaeh side of 
the spinons proeesses of the vertebral eolnmn (Fig. 12.9). 
They extend from the saernm to the sknll. It must be real- 
ized that this eomplieated muscle mass is eomposed of 
many separate mnseles of varying length. Eaeh individnal 
muscle may be regarded as a string, which, when pulled on, 
causes one or several vertebrae to be extended or rotated 
on the vertebra below. Beeanse the origins and insertions 
of the different groups of muscles overlap, entire regions of 
the vertebral column ean be made to move smoothly. 

The spines and transverse proeesses of the vertebrae 
serve as levers that faeilitate the muscle aetions. The mus- 
eles of longest length lie snperfieially and run vertieally 
from the saernm to the rib angles, the transverse proeesses. 


and the upper vertebral spines (Fig. 12.9). The mnseles 
of intermediate length run obliquely from the transverse 
proeesses to the spines. The shortest and deepest muscle 
fibers run between the spines and between the transverse 
proeesses of adjaeent vertebrae. 

The deep mnseles of the baek may be elassified as follows: 


Superficial Vertieally Running Muscles 


■ Ereetor spinae 


ilioeostalis 

longissimns 

spinalis 


Intermediate Oblique Running Muscles 

Semispinalis 
multifidus 
Rotatores 

Deepest Muscles 

■ Interspinales 

■ Intertransversarii 


■ Transversospinalis 
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Knowledge of the detailed attaehments of the varions 
mnseles of the baek has no praetieal valne to a elinieal profes- 
sional, and the attaehments are therefore omitted in this text. 

Splenms 

The splenins is a detaehed part of the deep mnseles of the 
baek. It eonsists of two parts. The splenius eapitis arises 
from the lower part of the ligamentnm nnehae and the 
npper four thoraeie spines and is inserted into the superior 
nuchal line of the oeeipital bone and the mastoid proeess of 
the temporal bone. 

The splenius eervieis has a similar origin but is inserted 
into the transverse proeesses of the upper eervieal vertebrae. 

Nerve Supply 

All the deep muscles of the baek are innervated by the pos- 
terior rami of the spinal nerves. 

Mnsenlar Triangles of the Baek 

AuscultatoryTriangle 

The auscultatory triangle is the site on the baek where 
breath sounds may be most easily heard with a stethoseope. 
The bonndaries are the latissimns dorsi, the trapezins, and 
the medial border of the seapnla. 

LumbarTriangle 

The lumbar triangle is the site where pus may emerge from 
the abdominal wall. The bonndaries are the latissimns 
dorsi, the posterior border of the external oblique muscle 
of the abdomen, and the iliae erest. 

Deep Faseia of the Baek 
(Thoracolumbar Faseia) 

The lumbar part of the deep faseia is situated in the interval 
between the iliae erest and the 12th rib. It forms a strong 
aponenrosis and laterally gives origin to the middle fib- 
ers of the transversns and the upper fibers of the internal 
oblique muscles of the abdominal wall (see page 117). 

Medially, the lumbar part of the deep faseia splits into 
three lamellae. The posterior lamella eovers the deep mus- 
eles of the baek and is attaehed to the lumbar spines. The 
middle lamella passes medially, to be attaehed to the tips 
of the transverse proeesses of the lumbar vertebrae; it lies 
anterior to the deep mnseles of the baek and posterior to 
the quadratus lumborum. The anterior lamella passes 
medially and is attaehed to the anterior snrfaee of the trans- 
verse proeesses of the lumbar vertebrae; it lies anterior to 
the quadratus lumborum muscle. 

Blood Supply of the Baek 

Arteries 

■ In the eervieal region, branehes arise from the oeeipital 
artery, a braneh of the external earotid; from the ver- 
tebral artery, a braneh of the snbelavian; and from the 
deep eervieal artery, a braneh of the eostoeervieal trunk. 


■ In the thoraeie region, branehes arise from the posterior 
intereostal arteries. 

■ In the Inmbar region, branehes arise from the snbeostal 
and lumbar arteries. 

■ In the saeral region, branehes arise from the iliolnmbar 
and lateral saeral arteries, branehes of the internal iliae 
artery. 

Veins 

The veins draining the structures of the baek form plexuses 
extending along the vertebral column from the skull to the 
coccyx. 

■ The external vertebral venons plexus lies external and 
surrounds the vertebral column. 

■ The internal vertebral venous plexus lies within the 
vertebral eanal but outside the dura mater of the spinal 
eord (Fig. 12.10). 

The external and internal vertebral plexuses form a eapa- 
cious venous network whose walls are thin and whose 
ehannels have ineompetent valves or are valveless. They 
eommnnieate throngh the foramen magnum with the 
venous sinuses within the skull. Free venous blood fiow 
may therefore take plaee between the skull, the neek, the 
thorax, the abdomen, the pelvis, and the vertebral plexuses, 
with the direetion of fiow depending on the pressnre differ- 
enees that exist at any given time between the regions. This 
faet is of eonsiderable elinieal signifieanee (see eareinoma 
of the prostate, page 696). 

The internal vertebral plexus reeeives tributaries from 
the vertebrae by way of the basivertebral veins (Fig. 12.10) 
and from the meninges and spinal eord. The internal plexus 
is drained by the intervertebral veins, which pass outward 
with the spinal nerves throngh the intervertebral foramina. 
Here, they are joined by tribntaries from the external verte- 
bral plexus and in turn drain into the vertebral, intereostal, 
lumbar, and lateral saeral veins. 

Lymph Drainage of the Baek 

The deep lymph vessels follow the veins and drain into 
the deep eervieal, posterior mediastinal, lateral aortie, and 
saeral nodes. The lymph vessels from the skin of the neek 
drain into the eervieal nodes, those from the trunk above 
the iliae erests drain into the axillary nodes, and those from 
below the level of the iliae erests drain into the snperfieial 
inguinal nodes (see page 127). 

Nerve Snpply of the Baek 

The skin and mnseles of the baek are snpplied in a segmen- 
tal manner by the posterior rami of the 31 pairs of spinal 
nerves. The posterior rami of the first, sixth, seventh, and 
eighth eervieal nerves and the fourth and fifth lumbar 
nerves supply the deep muscles of the baek and do not sup- 
ply the skin. The posterior ramus of the seeond eervieal 
nerve (the greater oeeipital nerve) aseends over the baek 
of the head and snpplies the skin of the sealp. 

The posterior rami run downward and laterally and 
supply a band of skin at a lower level than the intervertebral 
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FIGURE 12.10 Oblique seetion through the first lumbar vertebra shovving the spinal eord and its eovering membranes. Note 
the relationship betvveen the spinal nerve and sympathetie trunk on eaeh side. Note also the important internal vertebral 
venous plexus. 



Vertebral Venous Plexus and Carcìnonia of the 
Prostate 

Because the longitudinal, thin-walled, valveless vertebral 
venous plexus communicates above with the intraeranial venous 
sinuses and segmentally with the veins of the thorax, abdomen, 
and pelvis, it is a elinieally important structure. Pelvie venous 
blood enters not only the inferior vena eava, but also the ver- 
tebral venous plexus and by this route may also enter the skull. 



This is espeeially likely to occur if the intra-abdominal pressure 
is inereased. The internal vertebral venous plexus is not subject 
to external pressures when the intra-abdominal pressure rises. 
A rise in pressure on the abdominal and pelvie veins would tend 
to foreethe blood backward out ofthe abdominal and pelvie eav- 
ities into the veins within the vertebral eanal. The existence of 
this venous plexus explains how eareinoma of the prostate may 
metastasize to the vertebral column and the eranial eavity. 
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foramen from which they emerge. Gonsiderable overlap of 
skin areas snpplied oeenrs so that seetion of a single nerve 
eanses diminished, but not total, loss of sensation. Eaeh 
posterior ramus divides into a medial and a lateral braneh. 
For dermatomes of the baek, see Figure 1.25. 

Spinal Cord 

The spinal eord is a eylindrieal, grayish white structure that 
begins above at the foramen magnum, where it is continu- 
ous with the medulla oblongata of the brain. It terminates 
inferiorly in the adult at the level of the lower border of the 
first lumbar vertebra (Fig. 12.7). In the young ehild, it is 


relatively longer and ends inferiorly at the upper border of 
the third lumbar vertebra. The spinal eord in the eervieal 
region, where it gives origin to the braehial plexus, and in 
the lower thoraeie and lumbar regions, where it gives ori- 
gin to the lumbosacral plexus, has fiisiform enlargements 
ealled eervieal and lumbar enlargements. 

Inferiorly, the spinal eord tapers off into the conus med- 
ullaris, from the apex of which a prolongation of the pia 
mater, the filum terminale, deseends to be attaehed to the 
baek of the coccyx (Figs. 12.7, 12.11, and 12.15). The eord 
possesses in the midline anteriorly a deep longitudinal fis- 
sure, the anterior median fissnre, and on the posterior sur- 
faee a shallow furrow, the posterior median sulcus. 






















ligamentynn denticulatum anterior gray column 


dura mater 


posterior gray column 


dura mater 
araehnoid mater 

pia mater 




araehnoid mater 
pia mater 

gray matter 
white matter 


conus medullaris 


filum terminale 






* . ► 


posterior root 
ganglion 


cauda 

equina 






spinal nerve 






posterior gray column or horn 


posterior rootlets of spinal nerve 
posterior root ganglion 




spinal nerve 




anterior rootlets of spinal nerve 


araehnoid mater 




i::y 


•,•'•' • • 


dura mater 


dura mater 


araehnoid mater 








ligamentum denticulatum 


filum terminale 












»: 


% 




4^1 










pia mater 

posterior root 


posterior root ganglion 


spinal nerve 


lateral gray column or horn 

anterior gray column or horn 


anterior root 


subarachnoid spaee filled with eerebrospinal fluid 


e 


eentral eanal 


FIGLIRE 12.11 A. Lovver end of the spinal eord and the cauda equina. B. Seetion through the thoraeie part of the spinal eord 
shovving the anterior and posterior roots of the spinal nerves and meninges. G.Transverse seetion through the spinal eord 
shovving the meninges and the position of the eerebrospinal fluid. 
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Roots of the Spinal Nerves 

Along the whole length of the spinal eord are attaehed 
31 pairs of spinal nerves by the anterior, or motor, roots 
and the posterior, or sensory, roots (Figs. 12.11, 12.13, 
12.14, and 12.15). Eaeh root is attaehed to the eord by a 
series of rootlets, which extend the whole length of the eor- 
responding segment of the eord. Eaeh posterior nerve root 
possesses a posterior root ganglion, the eells of which give 
rise to peripheral and eentral nerve fibers. 

The spinal nerve roots pass laterally from eaeh spinal 
eord segment to the level of their respeetive intervertebral 
foramina, where they nnite to form a spinal nerve. Here, 


the motor and sensory fibers beeome mixed so that a spinal 
nerve is made up of a mixture of motor and sensory fib- 
ers. Beeanse of the disproportionate growth in length of the 
vertebral column during development eompared to that of 
the spinal eord, the length of the roots inereases progres- 
sively from above downward (Eigs. 12.12 and 12.15). In 
the upper eervieal region, the spinal nerve roots are short 
and run almost horizontally, but the roots of the lumbar 
and saeral nerves inferior to the level of the termination 
of the eord (lower border of the first lumbar vertebra in 
the adult) form a vertieal leash of nerves around the filum 
terminale. The inferior nerve roots together are ealled the 
caudaequina (Eigs. 12.11 and 12.15). 



FIGURE 12.12 Posterior view of the spinal eord showing the origins of the roots of the spinal nerves and their relationship 
to the different vertebrae. On the right, the laminae have been removed to expose the right half of the spinal eord and the 
nerve roots. 
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FIGURE 12.13 Disseetion of the skull and the upper part of the eervieal vertebral colunnn shovving the brain in sagittal seetion 
and the intaet spinal eord in situ. Note the continuity of the nnedulla oblongata and the spinal eord at the foramen magnum. 
Note also the roots of the eervieal spinal nerves and the trunks of the spinal nerves as they emerge through the disseeted 
intervertebral foramina. 


After emergenee from the intervertebral foramen, eaeh 
spinal nerve immediately divides into a large anterior 
ramns and a smaller posterior ramns, which eontain both 
motor and sensory fibers. 

Blood Supply of the Spinal Cord 

The spinal eord reeeives its arterial snpply from three small, 
longitndinally rnnning arteries: the two posterior spinal 
arteries and one anterior spinal artery. The posterior spi- 
nal arteries, which arise either direetly or indireetly from 
the vertebral arteries, run down the side of the spinal eord, 
elose to the attaehments of the posterior spinal nerve roots. 
The anterior spinal arteries, which arise from the vertebral 


arteries, unite to form a single artery, which runs down 
within the anterior median fissure. 

The posterior and anterior spinal arteries are reinforeed 
by radienlar arteries, which enter the vertebral eanal 
through the intervertebral foramina. 

The veins of the spinal eord drain into the internal 
vertebral venous plexus. 

Meninges of the Spinal Cord 

The spinal eord, like the brain, is surrounded by three 
meninges: the dura mater, the araehnoid mater, and the pia 
mater (see Figs. 12.11, 12.14, and 12.15). 
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FIGURE 12.14 Disseetion of the baek of the head and neek.The greater part of the oeeipital bone has been rennoved expos- 
ing the periosteal layer of dura. On the right side a vvindovv has been nnade in the dura belovv the transverse venous sinus 
to expose the eerebellom and the medulla oblongata in the posterior eranial fossa. In the neek the dura and araehnoid have 
been ineised in the midline to expose the spinal eord and rootlets of the eervieal spinal nerves. Note the eervieal spinal 
nerves leaving the vertebral eanal enveloped in a meningeal sheath. 


Dura Mater 

The dura mater is the most external membrane and is a 
dense, strong, fibrous sheet that eneloses the spinal eord 
and cauda equina (Figs. 12.10,12.11,12.14, and 12.15). It is 
continuous superiorly through the foramen magnum with 
the meningeal layer of dura eovering the brain. Inferiorly, it 
ends on the filum terminale at the level of the lower border 
of the seeond saeral vertebra (Fig. 12.7). The dural sheath 
lies loosely in the vertebral eanal and is separated from 
the walls of the eanal by the extradural spaee (epidnral 
spaee). This eontains loose areolar tissue and the internal 
vertebral venous plexus. The dura mater extends along 
eaeh nerve root and beeomes continuous with eonneetive 
tissue surrounding eaeh spinal nerve (epineurium) at the 
intervertebral foramen. The inner snrfaee of the dura mater 


is separated from the araehnoid mater by the potential 

subdural spaee. 

Araehnoid Mater 

The araehnoid mater is a delieate impermeable membrane 
eovering the spinal eord and lying between the pia mater 
internally and the dura mater externally (Figs. 12.10 and 
12.11). It is separated from the dura by the subdural spaee 
that eontains a thin film of tissue fiuid. The araehnoid is sep- 
arated from the pia mater by a wide spaee, the subarachnoid 
spaee, which is filled with eerebrospinal fluid (Fig. 12.11). 
The araehnoid is continuous above through the foramen 
magnum with the araehnoid eovering the brain. Inferi- 
orly, it ends on the filum terminale at the level of the lower 
border of the seeond saeral vertebra (Figs. 12.7 and 12.15). 
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FIGLIRE 12.15 Disseetion of the lovver part of the baek including a eomplete lamineetomy of the lumbar and saeral regions of 
the vertebral column.The meningeal sheath has been ineised and refleeted laterally exposing the subarachnoid spaee, the 
lovver end of the spinal eord, and the cauda equina. Note the filum terminale surrounded by the anterior and posterior nerve 
roots of the lumbar and saeral spinal nerves forming the cauda equina. 



e L I N I e A L N 0 T E S 


Nerve Root Paìn 

Spinal nerve roots exit from the vertebral eanal through the 
intervertebral foramina. Eaeh foramen is bounded superiorly 
and inferiorly by the pedieles, anteriorly by the intervertebral 
dise and the vertebral body, and posteriorly by the articular pro- 
eesses and joints (Fig. 12.5). In the lumbar region, the largest 
foramen is betvveen the first and seeond lumbar vertebrae and 
the smallest is betvveen the fifth lumbar and first saeral vertebra. 

One of the eomplieations of osteoarthritis of the vertebral eol- 
umn is the grovvth of osteophytes, vvhieh eommonly eneroaeh on 
the intervertebral foramina, causing pain along the distribution 
of the segmental nerve. The fifth lumbar spinal nerve is the larg- 
est of the lumbar spinal nerves, and it exits from the vertebral 
column through the smallest intervertebral foramen. Forthis rea- 
son, it is the most vulnerable. 

Osteoarthritis as a cause of root pain is suggested by the 
patient's age, its insidious onset, and a history of baek pain of 


long duration. A prolapsed dise usually occurs in a younger age 
group and often has an acute onset. 

Hernìated Intervertebral Dìses 

The structure and function of the intervertebral dise are 
deseribed on pages 689 and 690. The resistanee of these dises 
to eompression forees is substantial, as seen, for example, in eir- 
cus aerobats vvho ean support four or more of their colleagues 
on their shoulders. Nevertheless, the dises are vulnerable to 
sudden shoeks, particularly if the vertebral column is flexed and 
the dise is undergoing degenerative ehanges that result in her- 
niation of the nucleus pulposus. 

The dises most eommonly affeeted are those in areas vvhere 
a mobile partof the column joins a relatively immobile part—that 
is, the eervieothoraeie junction and the lumbosacral junction. In 
these areas, the posterior part of the anulus fibrosus ruptures, 
and the nucleus pulposus isforeed posteriorly like toothpaste out 


(eontinaedj 
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of a tube. Thís ís referred to as a herniation of the nnelens pnlpo- 
sus. This herniation ean result either in a eentral protrusion in 
the midline underthe posterior longitudinal ligament of the verte- 
brae or in a lateral protrusion atthe side of the posterior ligament 
eloseto the intervertebral foramen (Fig. 12.16). The eseape ofthe 
nucleus pulposus will produce narrowing of the spaee between 
the vertebral bodies, which may be visible on radiographs. 
Slaekening of the anterior and posterior longitudinal ligaments 
results in abnormal mobility of the vertebral bodies, producing 
loeal pain and subsequent development of osteoarthritis. 

Gervieal dise herniations are less eommon than herniations 
in the lumbar region (Fig. 12.34). The dises most susceptible to 
this eondition are those between the fifth and sixth or the sixth 
and seventh vertebrae. Lateral protrusions cause pressure on a 
spinal nerve or its roots. Eaeh spinal nerve emerges above the 
eorresponding vertebra;thus, protrusion of the dise between the 
fifth and sixth eervieal vertebrae ean cause eompression of the 
C6 spinal nerve or its roots (Fig. 12.16). Pain is felt nearthe lower 
part of the baek of the neek and shoulder and along the area in 
the distribution of the spinal nerve involved. Gentral protrusions 
may press on the spinal eord and the anterior spinal artery and 
involve the various nerve traets of the spinal eord. 

Lumbar dise herniations are more eommon than eervieal 
dise herniations (Fig. 12.16). The dises usually affeeted are those 
between the fourth and fifth lumbar vertebrae and between the 
fifth lumbar vertebra and the sacrum. In the lumbar region, the 
roots of the cauda equina run posteriorly over several inter- 
vertebral dises (Fig. 12.16B). A lateral herniation may press on 
one or two roots and often involves the nerve root going to the 
intervertebral foramen just below. However, because C8 nerve 
roots exist and an eighth eervieal vertebral body does not, the 
thoraeie and lumbar roots exit below the vertebra of the eor- 
responding number. Thus, the L5 nerve root exits between the 
fifth lumbar and first saeral vertebrae. Moreover, because the 
nerve roots move laterally as they pass toward their exit, the root 
eorresponding to that dise spaee (L4 in the ease of the L4 to 5 
dise) is already too lateral to be pressed on by the herniated dise. 
Herniation of the L4to 5 dise usually gives rise to symptoms refer- 
able to the L5 nerve roots, even though the L5 root exits between 
L5 and S1 vertebrae. The nucleus pulposus oeeasionally herni- 
ates direetly backward, and if it is a large herniation, the whole 
cauda equina may be eompressed, producing paraplegia. 

An initial period of baek pain is usually caused by the injury to 
the dise. The baek muscles show spasm, espeeially on the side 
of the herniation, because of pressure on the spinal nerve root. 
As a consequence, the vertebral column shows a seoliosis, with 
its eoneavity on the side of the lesion. Pain is referred down the 
leg and foot in the distribution of the affeeted nerve. Sinee the 
sensory posterior roots most eommonly pressed on are the fifth 
lumbar and the first saeral, pain is usually felt down the baek 
and lateral side of the leg, radiating to the sole of the foot. This 
eondition is often ealled seiatiea. In severe eases, paresthesia 
or actual sensory loss may be present. 

Pressure on the anterior motor roots causes muscle weak- 
ness. Involvement of the fifth lumbar motor root produces weak- 
ness of dorsiflexion of the ankle, whereas pressure on the first 
saeral motor root causes weakness of plantar flexion, and the 
ankle jerk may be diminished or absent (Fig. 12.16). 


A large, eentrally plaeed protrusion may give rise to bilateral 
pain and muscle weakness in both legs. Acute retention of urine 
may also occur. 

A eorrelation between the dise lesion, the nerve roots 
involved, the pain dermatome, the muscle weakness, and the 
missing or diminished reflex is shown in Table 12.1. 

Disease and the Intervertebral Foramína 

The intervertebral foramina (Fig. 12.5) transmitthe spinal nerves 
and the small segmental arteries and veins, all of which are 
embedded in areolar tissue. Eaeh foramen is bounded above 
and below by the pedieles of adjaeent vertebrae, in front by the 
lower part of the vertebral body and by the intervertebral dise, 
and behind by the articular proeesses and the joint between 
them. In this situation, the spinal nerve is vulnerable and may be 
pressed on or irritated by disease of the surrounding structures. 
Herniation of the intervertebral dise, fractures of the vertebral 
bodies, and osteoarthritis involving the joints of the articular pro- 
eesses orthe joints between the vertebral bodies ean all result 
in pressure, stretehing, or edema of the emerging spinal nerve. 
Such pressure would give rise to dermatomal pain, muscle 
weakness, and diminished or absent reflexes. 

Narrovvìng of the Spìnal Ganal 

After about the fourth deeade of life, the spinal eanal beeomes 
narrowed by aging. Osteoarthritie ehanges in the joints of the 
articular proeesses with the formation of osteophytes, together 
with degenerative ehanges in the intervertebral dises and the 
formation of large osteophytes between the vertebral bodies, 
ean lead to narrowing of the spinal eanal and intervertebral 
foramina. In persons in whom the spinal eanal was originally 
small, signifieant stenosis in the cauda equina area ean lead to 
neurologic eompression. Symptoms vary from mild diseomfort in 
the lower baek to severe pain radiating down the leg with the 
inability to walk. 

Saeroìlìae Joìnt Disease 

The saeroiliae joint is deseribed on page 258. The elinieal 
aspeets of this joint are referred to again because disease of 
this joint ean cause low baek pain and may be confused with 
disease of the lumbosacral joints. Essentially, the saeroiliae 
joint is a synovial joint that has irregular elevations on one 
articular surface that fit into eorresponding depressions on the 
other articular surface. It is a strong joint and is responsible 
for the transfer of weight from the vertebral column to the hip 
bones. The joint is innervated by the lower lumbar and saeral 
nerves so that disease in the joint may produce low baek pain 
and seiatiea. 

The saeroiliae joint is inaeeessible to elinieal examination. 
However, a small area loeated just medial to and below the pos- 
terosuperior iliae spine is where the joint eomes elosest to the 
surface. In disease of the lumbosacral region, movements of the 
vertebral column in any direetion cause pain in the lumbosacral 
partofthe column. In saeroiliae disease, pain is extreme on rota- 
tion of the vertebral column and is worst at the end of forward 
flexion. The latter movement causes pain because the hamstring 
muscles hold the hip bones in position while the sacrum is 
rotating forward as the vertebral column is flexed. 
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FIGURE 12.16 A, B. Posterior vievvs of vertebral bodies in the eervieal and lunnbar regions shovving the relationship that might 
exist betvveen the herniated nucleus pulposus and the spinal nerve roots. Note that there are eight eervieal spinal nerves 
but only seven eervieal vertebrae. In the lumbar region, for example, the emerging L4 nerve roots pass out laterally elose to 
the pediele of the fourth lumbar vertebra and are not related to the intervertebral dise betvveen the fourth and fifth lumbar 
vertebrae. C. Posterolateral herniation of the nucleus pulposus of the intervertebral dise betvveen the fifth lumbar vertebra 
and the first saeral vertebra shovving pressure on the S1 nerve root. D. An intervertebral dise that has herniated its nucleus 
pulposus posteriorly. E. Pressure on the L5 motor nerve root produces vveakness of dorsiflexion of the ankle; pressure on 
the S1 motor nerve root produces vveakness of plantar flexion of the ankle joint. 


TABLE 

Summary of Important Features Found in Gervieal and Lnmbosaeral Root Syndromes 

Root Injory 

Dermatome Pain 

Mnsele Snpplied 

Movement Weakness 

1 

Reflex Involved 

C5 

Lovver lateral aspeet of upper arm 

Deltoid and bieeps 

Shoulder abduction, elbovv 
flexion 

Bieeps 

C6 

Lateral aspeet offorearm 

Extensor earpi radialis longus 
and brevis 

Wrist extensors 

Braehioradialis 

C7 

Middle finger 

Trieeps and flexor earpi 
radialis 

Extension of elbovv and flexion 
of vvrist 

Trieeps 

C8 

Medial aspeet offorearm 

Flexor digitorum superficialis 
and profundus 

Finger flexion 

None 

L1 

Groin 

lliopsoas 

Hip flexion 

eremaster 

L2 

Anterior aspeet of thigh 

lliopsoas, sartorius, hip 
adductors 

Hip flexion, hip adduction 

eremaster 

L3 

Medial aspeet of knee 

lliopsoas, sartorius, 
quadriceps, hip adductors 

Hip flexion, knee extension, 
hip adduction 

Patellar 

L4 

Medial aspeet of ealf 

Tibialis anterior, quadriceps 

Foot inversion, knee extension 

Patellar 

L5 

Lateral part of lovver leg and 
dorsum of foot 

Extensor hallucis longus, 
extensor digitorum longus 

Toe extension, ankle 
dorsiflexion 

None 

S1 

Lateral edge of foot 

Gastrocnemius, soleus 

Ankle plantar flexion 

Ankle jerk 

S2 

Posterior part of thigh 

Flexor digitorum longus, flexor 
hallucis longus 

Ankle plantarflexion,toe 
flexion 

None 
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Spinal Cord Isehemía 

The blood supply to the spinal eord is surprisingly meager, eon- 
sidering the importanee of this nervous tissue. The longitudinally 
running anterior and posterior spinal arteries are of small and 
variable diameter, and the reinforeing segmental arteries vary in 
number and in size. isehemia of the spinal eord ean easily follovv 
minor damage to the arterial supply as a result of regional anes- 
thesia, pain bloek procedures, or aortie surgery. 

Spinal Cord Injnries 

The degree of spinal eord injury at different vertebral levels is 
largely governed by anatomie faetors. In the eervieal region, 
disloeation orfracture disloeation is eommon, butthe large size 
of the vertebral eanal often results in the spinal eord eseap- 
ing severe injury. Hovvever, vvhen eonsiderable displaeement 
occurs, the eord is seetioned and death occurs immediately. 
Respiration eeases if the lesion occurs above the segmental ori- 
gin of the phrenie nerves (C3,4, and 5). 

In fracture disloeations of the thoraeie region, displaeement 
is often eonsiderable, and the small size of the vertebral eanal 
results in severe injury to the spinal eord. 

In fracture disloeations of the lumbar region, tvvo anatomie 
faets aid the patient. First, the spinal eord in the adult extends 
only dovvn as far as the level of the lovver border of the first lum- 
bar vertebra. Seeond, the large size of the vertebral foramen 


in this region gives the roots of the cauda equina ample room. 
Nerve injury may therefore be minimal in this region. 

Injury to the spinal eord ean produce partial or eomplete loss 
of function at the level of the lesion and partial or eomplete loss 
of function of afferent and efferent nerve traets belovv the level of 
the lesion. The symptoms and signs of spinal shoek and paraple- 
gia in flexion and extension are beyond the seope of this book. For 
further information, a textbook of neurology should be consulted. 


Relationships of Spinal Cord Segments to Vertebral 
Nnmbers 

Because the spinal eord is shorter than the vertebral column, 
the spinal eord segments do not eorrespond numerically vvith 
the vertebrae that lie atthe same level (Fig. 12.12). The follovving 
list helps determine vvhieh spinal segment is contiguous vvith a 
given vertebral body. 


Vertebrae 

Gervieal 
Llpperthoraeie 
Lovverthoraeie (T7to 9) 
Tenth thoraeie 
Eleventh thoraeie 
Tvvelfth thoraeie 
First lumbar 


Spinal Segment 


Add 1 
Add2 
Add3 


L3 and 4 eord segments 
L5 eord segment 

Saeral and eoeeygeal eord segments 



Between the levels of the eonns mednllaris and the lower end 
of the snbaraehnoid spaee lie the nerve roots of the eanda 
equina bathed in eerebrospinal fínìd (Figs. 12.11 and 12.15). 
The araehnoid mater is continued along the spinal nerve 
roots, forming small lateral extensions of the snbaraehnoid 
spaee. 

Pia Mater 

The pia mater is a vasenlar membrane that elosely eovers 
the spinal eord (Figs. 12.10 and 12.11). It is continuous 


superiorly through the foramen magnum with the pia 
eovering the brain; inferiorly, it fuses with the filum 
terminale. The pia mater is thiekened on either side 
between the nerve roots to form the ligamentum den- 
ticulatum, which passes laterally to be attaehed to the 
dura. It is by this means that the spinal eord is snspended 
in the middle of the dural sheath. The pia mater extends 
along eaeh nerve root and beeomes continuous with 
the eonneetive tissue surrounding eaeh spinal nerve 
(Fig. 12.11). 



Lumbar Puncture (Spìnal Tap) 

Lumbar puncture may be performed to vvithdravv a sample of 
eerebrospinal fluid for examination. Fortunately, the spinal eord 
terminates inferiorly at the level of the lovver border of the first 
lumbar vertebra in the adult. (In the infant, it may reaeh as lovv 
as the third lumbar vertebra.) The subarachnoid spaee extends 
inferiorly as far as the lovver border of the seeond saeral verte- 
bra. The lovver lumbar part of the vertebral eanal is thus occu- 
pied by the subarachnoid spaee, vvhieh eontains the cauda 
equina—that is, the lumbar and saeral nerve roots and the filum 


terminale. A needle introduced into the subarachnoid spaee in 
this region usually pushes the nerve roots to one side vvithout 
causing damage. 

With the patient lying on the side vvith the vertebral column 
vvell flexed, the spaee betvveen adjoining laminae in the lumbar 
region is opened to a maximum (Fig. 12.17). An imaginary line 
joining the highest points on the iliae erests passes over the 
fourth lumbar spine (Fig. 12.35). With a careful aseptie technique 
and under loeal anesthesia, the lumbar puncture needle, fitted 
vvith a stylet, is passed into the vertebral eanal above or belovv 


(continued} 
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the fourth lumbar spine (Fig. 12.17). The needle will pass through 
the following anatomie structures before it enters the subarach- 
noid spaee: skin, superficial faseia, supraspinous ligament, inter- 
spinous ligament, ligamentum flavum, areolar tissue (eontaining 
the internal vertebral venous plexus in the epidural spaee), dura 
mater, and araehnoid mater. The depth to which the needle will 
have to pass varies from 1 in. (2.5 em) or less in a ehild to as 
much as 4 in. (10 em) in obese adults. 

As the stylet is withdrawn, a few drops of blood eommonly 
eseape. This usually indieatesthatthe point of the needle is situ- 
ated in one of the veins of the internal vertebral plexus and has 
notyet reaehed the subarachnoid spaee. If the entering needle 
should stimulate one of the nerve roots of the cauda equina, the 
patient will experience a fleeting diseomfort in one of the derma- 
tomes, or a muscle will twitch, depending on whether a sensory 
or a motor root was impaled. If the needle is pushed too far ante- 
riorly, it may hit the body of the third or fourth lumbar vertebra 
(Fig. 12.17). 

The eerebrospinal fluid pressure ean be measured by attaeh- 
ing a manometer to the needle. In the recumbent position, the 
normal pressure is about 60 to 150 mm H^O. It is interesting to 
note that the eerebrospinal fluid pressure normally fluctuates 
slightly with the heart beat and with eaeh phase of respiration. 


Anatomy of "Not Getting In" 

If bone is encountered, the needle should be withdrawn as far 
as the subcutaneous tissue, and the angle of insertion should be 
ehanged. The most eommon bone encountered is the spinous 
proeess of the vertebra above or below the path of insertion. If 
the needle is direeted laterally rather than in the midline, it may 
hitthe lamina or an articular proeess. 


Anatomy of Complications of Lnmbar Pnnetnre 




Postlnmbar pnnetnre beadaebe This headaehe starts after 
the procedure and lasts 24 to 48 hours. The cause is a leak of 
eerebrospinal fluid through the dural puncture, and it usually 
follows the use of a wide-bore needle. The leak reduces the 
volume of eerebrospinal fluid, which, in turn, causes a down- 
ward displaeement of the brain and stretehes the nerve- 
sensitive meninges—a headaehe follows. The headaehe is 
relieved by assuming the recumbent position. Llsing small- 
gauge styletted needles and avoiding multiple dural holes 
reduce the ineidenee of headaehe. 

Brain berniation. Lumbar puncture ís eontraindieated in 
eases in which intraeranial pressure is signifieantly raised. 
A large tumor, for example, above the tentorium eerebelli with 
a high intraeranial pressure may result in a caudal displaee- 
ment of the uncus through the tentorial noteh or a dangerous 
displaeement of the medulla through the foramen magnum, 
when the lumbar eerebrospinal fluid pressure is reduced. 


Bloek of the Snbaraehnoid Spaee 

A bloek of the subarachnoid spaee in the vertebral eanal, which 
may be caused by a tumor of the spinal eord or the meninges, 
ean be deteeted by eompressing the internal jugular veins in the 
neek. This raises the eerebral venous pressure and inhibits the 
absorption of eerebrospinal fluid in the araehnoid granulations, 
thus producing a rise in the manometrie reading of the eerebro- 
spinal fluid pressure. If this rise fails to occur, the subarachnoid 
spaee is bloeked and the patient is said to exhibit a positive 
Queckenstedt's sign. 

Caudal Anesthesìa 

Solutions of anestheties may be injeeted into the saeral eanal 
through the saeral hiatus. The solutions pass superiorly in the 
loose eonneetive tissue and bathe the spinal nerves as they 
emerge from the dural sheath. Caudal anesthesia is used in 
operations in the saeral region, including anoreetal surgery and 
culdoscopy. Obstetrieians use this method of nerve bloek to 
relieve the pain during the first and seeond stages of labor. Its 
advantage is that, administered by this method, the anesthetie 
does not affeet the infant. 

The saeral hiatus is palpated as a distinet depression in the 
midline about 1.6 in. (4 em) above the tip of the coccyx in the 
upper part of the eleft between the buttocks. The hiatus is trian- 
gular or U shaped and is bounded laterally by the saeral cornua 
(Fig. 12.18). 

The size and shape of the hiatus depend on the number of 
laminae that fail to fuse in the midline posteriorly. The eommon 
arrangement is for the hiatus to be formed by the nonfusion of 
the fifth and sometimes the fourth saeral vertebrae. 

With a careful aseptie technique and under loeal anesthe- 
sia, the needle, fitted with a stylet, is passed into the vertebral 
(saeral) eanal through the saeral hiatus. 

The needle pierees the skin and faseia and the saeroeoe- 
eygeal membrane that fills in the saeral hiatus (Fig. 12.18). The 
membrane is formed of dense fibrous tissue and represents the 
fused supraspinous and interspinous ligaments as well as the 
ligamentum flavum. A distinet feeling of "give" is felt when the 
ligament is penetrated. 

Note that the saeral eanal is curved and follows the gen- 
eral curve of the sacrum (Fig. 12.20). The anterior wall, formed 
by the fusion of the bodies of the saeral vertebrae, is rough and 
ridged. The posterior wall, formed by the fusion of the laminae, 
is smooth. The average distanee between the saeral hiatus and 
the lower end of the subarachnoid spaee at the seeond saeral 
vertebra is about2 in. (5 em) in adults. 

Note also that the saeral eanal eontains the dural sae (eon- 
tainingthe cauda equina), which istetheredto the coccyx bythe 
filum terminale; the saeral and eoeeygeal nerves as they emerge 
from the dural sae surrounded by their dural sheath; and the 
thin-walled veins of the internal vertebral venous plexus. 
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FIGURE 12.17 Sagittal seetion through the lumbar part of the vertebral column in flexion. Note that the spines and laminae 
are vvell separated in this position, enabling one to introduce a lumbar puncture needle into the subarachnoid spaee. 
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FIGURE 12.18 A.The saeral hiatus. Blaek dots indieate the position of important bony landmarks. B. Posterior surface of the 
lovver end of the sacrum and the coccyx shovving the saeroeoeeygeal membrane eovering the saeral hiatus. G.The dural 
sheath (theeal sae) around the lovver end of the spinal eord and spinal nerves in the saeral eanal; the laminae have been 
removed. D. Longitudinal seetion through the sacrum shovving the anatomy of caudal anesthesia. 
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Gerebrospinal Flnid 

The eerebrospinal flnid is a elear, eolorless flnid formed 
mainly by the ehoroid plexuses, within the lateral, third, 
and fonrth ventrieles of the brain. The flnid eirenlates 
throngh the ventrienlar system and enters the snbaraeh- 
noid spaee throngh the three foramina in the roof of the 
fonrth ventriele (see page 548). It eirenlates both upward 
over the surface of the eerebral hemispheres and downward 
around the spinal eord. The spinal part of the snbaraeh- 
noid spaee extends down as far as the lower border of the 
seeond saeral vertebra, where the araehnoid fnses with the 
fllum terminale (Fig. 12.7). Eventnally, the fluid enters the 
bloodstream by passing throngh the araehnoid villi into 
the dural venous sinuses, in partienlar the superior sagittal 
venous sinus. 

In addition to removing waste prodnets assoeiated with 
nenronal aetivity, the eerebrospinal fluid provides a fluid 


medium that surrounds the spinal eord. This fluid, together 
with the bony and ligamentons walls of the vertebral eanal, 
effeetively proteets the spinal eord from trauma. 


e L I N I e A L N 0 T E S 


^ J 

Relatìonshìp of the Vertebral Body to the Spinal 
Nerve 

Sinee the fully developed vertebral body is intersegmental in 
position, eaeh spinal nerve leaves the vertebral eanal through 
the intervertebral foramen and is elosely related to the inter- 
vertebral dise. This faet is of great elinieal signifieanee in 
eases with prolapse of an intervertebral dise (Fig. 12.16) (see 
page 701). 

V_/ 



E M B R Y 0 L 0 G I e N 0 T E S 


Development of the Vertebral Golnmn 

Early in development, the embryonie mesoderm beeomes differ- 
entiated into three distinet regions: paraxial mesoderm, interme- 
diate mesoderm, and lateral mesoderm. The paraxial mesoderm 
is a column of tissue situated on either side of the midline of the 
embryo, and at about the fourth week, it beeomes divided into 
bloeks of tissue ealled somites. Eaeh somite beeomes differenti- 
ated into a ventromedial part (the selerotome) and a dorsolateral 
part (the dermatomyotome). The dermatomyotome now further 
differentiates into the myotome and the dermatome (Fig. 12.19). 

The mesenehymal eells of the selerotome rapidly divide and 
migrate medially during the fourth week of development and 
surround the notoehord (Fig. 12.19). The caudal half of eaeh 
selerotome now fuses with the eephalie half of the immedi- 
ately succeeding selerotome to form the mesenehymal verte- 
bral body (Figs. 12.19 and 12.20). Eaeh vertebral body is thus 
an intersegmental structure. The notoehord degenerates eom- 
pletely in the region of the vertebral body, but in the interver- 
tebral region, it enlarges to form the nnelens pnlposns of the 
intervertebral dises (Fig. 12.20). The surrounding fibroeartilage, 
the anulus fibrosus, of the intervertebral dise is derived from 
selerotomie mesenehyme situated between adjaeent vertebral 
bodies (Fig. 12.20). 

Meanwhile, the mesenehymal vertebral body gives rise 
to dorsal and lateral outgrowths on eaeh side. The dorsal out- 
growths grow around the neural tube between the segmental 
nerves to fuse with their fellows of the opposite side and form 
the mesenehymal neural areb (Fig. 12.19). The lateral outgrowths 
pass between the myotomes to form the mesenehymal eostal 
proeesses, or primordia of the ribs. 

Two eenters of ehondrifieation appear in the middle of eaeh 
mesenehymal vertebral body. These quickly fuse to form a ear- 
tilaginous centrum (Fig. 12.19). A ehondrifieation eenter forms in 


eaeh half of the mesenehymal neural areh and spreads dorsally 
to fuse behindthe neuraltube with its fellow ofthe opposite side. 
These eenters also extend anteriorly to fuse with the eartilagi- 
nous centrum and laterally into the eostal proeesses. The eon- 
densed mesenehymal or membranous vertebra has thus been 
eonverted into a cartilaginous vertebra. 

In the thoraeie region, eaeh eostal proeess forms a earti- 
laginous rib. The eostal proeesses in the eervieal region remain 
shortandform the lateral and anterior boundaries oftheforamen 
transversarinm of eaeh vertebra. In the lumbar region, the eos- 
tal proeess forms part of the transverse proeess; in the saeral 
region, the eostal proeesses fuse together to form the lateral 
mass of the saernm. 

At aboutthe ninth week of development, primary ossifieation 
eenters appear: two for eaeh centum and one for eaeh half of the 
neural areh (Fig. 12.19). The two eenters for the centrum usually 
unite quickly, but the eomplete union of all the primary eenters 
does not occur until several years after birth. 

During adoleseenee, seeondary eenters appear in the ear- 
tilage eovering the superior and inferior ends of the vertebral 
body, and the epipbyseal plates are formed. A seeondary eenter 
also appears atthe tip of eaeh transverse proeess and atthe tip 
of the spinous proeess. By the 25th year, all the seeondary een- 
ters have fused with the rest of the vertebra. 

The atlas and axis develop somewhat differently. The een- 
trum of the atlas fuses with that of the axis and beeomes the part 
of the axis vertebra known as the odontoid proeess. This leaves 
only the neural areh for the atlas, which grows anteriorly and 
finally fuses in the midline to form the eharaeteristie ring shape 
of the atlas vertebra. 

In the saeral region, the bodies of the individual vertebrae 
are separated from eaeh other in early life by intervertebral 
dises. At aboutthe 18th year, the bodies startto beeome united 


(continued) 
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by bone; this proeess starts eaodally. Usually by the 13th 
year, all the saeral vertebrae are united. In the eoeeygeal region, 
segmental fusion also takes plaee, and in later life the coccyx 
often fuses with the sacrum. 

Development of the Curves of the Vertebral Column 

The embryonie vertebral column shows one continuous anterior 
(ventral) eoneavity. Later, the saerovertebral angle develops. At 
birth,the cervical,thoracic, and lumbarregionsshowone eontin- 
uous anterior (ventral) eoneavity. When the ehild begins to raise 
his or her head, the eervieal curve, which is convex anteriorly, 
develops. Toward the end of the first year, when the ehild stands 
up, the lumbar curve, which is convex anteriorly, develops. 

Development of the Muscles of the Vertebral Column 

The prevertebral and postvertebral muscles develop from the 
segmental myotomes. 


Seoliosis 

Seoliosis results from a eongenital hemivertebra. A hemiverte- 
bra is caused by a failure in development of one of the two ossi- 
fieation eenters that appear in the centrum of the body of eaeh 
vertebra (Fig. 12.21). 

Spina Bifida 

In spina bifida, the spines and arehes of one or more adjaeent 
vertebrae fail to develop. The eondition occurs most frequently 
in the lower thoraeie, lumbar, and saeral regions. Beneath 
this defeet, the meninges and spinal eord may or may not be 
involved in varying degrees. This eondition is a result of fail- 
ure of the mesenehyme, which grows in between the neural 
tube and the surface eetoderm, to form the vertebral arehes 
in the affeeted region. The types of spina bifida are shown in 
Figures 12.22 and 12.23. 
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FIGURE 12.19 The stages in the fornnation of a thoraeie vertebra. 
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FIGLIRE 12.20 The formation of eaeh mesenehymal vertebral body by the fusion of the caudal half of eaeh selerotome vvith 
the eephalie half of the immediately succeeding selerotome. Eaeh vertebral body is thus an intersegmental structure.The 
eostal proeesses grovv out betvveen adjaeent myotomes. Also shovvn is the elose relationship that exists betvveen eaeh 
spinal nerve and eaeh intervertebral dise. 



FIGLIRE 12.21 Posterior vievv of a vvoman vvith seoliosis 
resulting from a eongenital hemivertebra in the lovver 
thoraeie region. 
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FIGURE 12.22 Different types of spina bifida. 
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FIGURE 12.23 A. Meningoeele in the lymbosaeral region. (Courtesy of L. Thompson.) B. Meningomyeloeele in the upper 
thoraeie region. (Courtesy of G. Avery.) 



Radiographig Anatomy 


Radiographie Appearanees of the 
Vertebral Golnmn 


The views eommonly used are the anteroposterior and 
the lateral. Examples of anteroposterior and lateral radio- 
graphs of the vertebral column ean be seen in Figures 12.24 
through 12.29. 


Spinal Snbaraehnoid Spaee 

The subarachnoid spaee ean be studied radiographieally by 
the injeetion of eontrast media into the subarachnoid spaee 
by lumbar puncture. lodized oil has been used with success. 
This technique is referred to as myelography (Figs. 12.30 
and 12.31). 

If the patient is sitting in the upright position, the oil 
sinks to the lower limit of the subarachnoid spaee at the 
level of the inferior border of the seeond saeral vertebra. By 
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FIGURE 12.24 Anteroposterior radiograph of the upper eervieal region of the vertebral column with the patient's mouth open 
to show the odontoid proeess of the axis. 
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FIGLIRE 12.25 Anteroposterior radiograph of the eervieal region of the vertebral eolymn 


oeeipital 

bone 


posterior 
areh of atlas 


spine of axis 


postvertebral 

muscles 


oeeipital eondyle 


anterior areh of atlas 



odontoid 

proeess 

(DENS) 


body of axis 


mandible 


epiglottis 


hyoid 


thyroid 

eartilage 

ealeifieation 


body of seventh 

eervieal 

vertebra 

traehea 


FIGURE 12.26 Lateral radiograph of the eervieal region of the vertebral column. 
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FIGURE 12.27 Anteroposterior radiograph of the thoraeie region of the vertebral colunnn. 
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FIGURE 12.28 Anteroposterior radiograph of the lovver thoraeie, lunnbar, and saeral regions of the vertebral eolnmn. 
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FIGURE 12.29 Lateral radiograph of the lovver thoraeie, lunnbar, and saeral regions of the vertebral eolymn. 
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FIGIIRE 12.30 Posteroanterior myelogram of the lumbar region. 






Radiographie Anatomy 715 


articular proeesses 


proximal ends of 
extensions of 
subarachnoid spaee 
around nerve roots 


body of vertebra 


radiopaque material 

in subarachnoid 
spaee 


position of intervertebral dise 



transverse proeess 


x-rays 



eassette 


lumbar puncture needle in situ 

FIGURE 12.31 Ma in features that ean be seen in the myelogram in Figure 12.30. 


plaeing the patient on a tilting table, the oil ean be made to 
gravitate gradnally to higher levels of the vertebral eolnmn. 

A normal myelogram will show pointed lateral projee- 
tions at regnlar intervals at the intervertebral spaee levels. 
This appearanee is eansed by the opaque medium filling 
the lateral extensions of the snbaraehnoid spaee around 
eaeh spinal nerve. The presenee of a tumor or a prolapsed 
intervertebral dise may obstrnet the movement of the oil 
from one region to another when the patient is tilted. 


Computed Tomography and Magnetie 
Resonanee Imaging Stndies 

CT and MRI are extensively used to deteet lesions of the 
vertebral column, espeeially those involving the soft tissnes. 
CT seans ean eoneentrate on the intervertebral spaees and 
reveal the intervertebral dise in transverse sliees (Figs. 12.32 
and 12.33). The dise has a higher density than the eerebrospi- 
nal fiuid in the snbaraehnoid spaee and the surrounding fat. 
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FIGURE 12.32 CT sean of the fourth lumbar vertebra. 
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FIGURE 12.33 CT sean through the vertebral column at the level of the intervertebral dise betvveen the fourth and fifth lumbar ver- 
tebrae.The spine of L4 and the intervertebral foramen on eaeh side are shovvn. Note the joints betvveen the articular proeesses. 
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Fragments of a herniated dise ean be identified beyond the 
bonndaries of the anulus fibrosus. 

MRI easily defines the intervertebral dise on sagittal 
seetion and shows its relationship to the vertebral body 
and the posterior longitudinal ligament (Fig. 12.34). 
The herniated fragment of the dise and its relationship 
to the dural sae ean easily be demonstrated. The use of 
MRI is now largely replaeing myelography or CT in this 
region. 



SURFACE AnATOMY 


The entire posterior aspeet of the patient should be exam- 
ined from head to foot, and the arms should hang loosely 
at the side. 


Gervieal Vertebrae 

The most prominent spinous proeess that ean be felt in 
the neek (Fig. 12.35) is that of the seventh eervieal verte- 
bra (vertebra prominens). Gervieal spines one to six are 
eovered by the ligamentnm nnehae, a large ligament that 
runs down the baek of the neek eonneeting the skull to the 
spinous proeesses of the eervieal vertebrae. 

The transverse proeesses are short but easily palpable 
from the lateral side in a thin neek. The anterior tnberele 
of the sixth eervieal transverse proeess (tnberele of Chas- 
saignae) ean be palpated medial to the sternoeleidomastoid 
muscle, and against it the eommon earotid artery ean be 
eompressed. 

Thoraeie and Lnmbar Vertebrae 


Midline Strnetnres 

In the midline, the following structures ean be palpated 
from above downward. 

External Oeeipital Protnberanee 

The external oeeipital protuberance lies at the junction of 
the head and neek (Fig. 12.1). If the index finger is plaeed 
on the skin in the midline, it ean be drawn inferiorly from 
the protuberance in the nuchal groove. 


The nuchal groove is continuous inferiorly with a furrow 
that runs down the middle of the baek over the tips of the 
spines of all the thoraeie and the upper four lumbar ver- 
tebrae (Fig. 12.35). The most prominent spine is that of the 
first thoraeie vertebra; the others may be easily reeognized 
when the trunk is bent forward. 

Saemm 

The spines of the saernm are fiised with eaeh other in the 
midline to form the median saeral erest. The erest ean 
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FIGIJRE 12.34 Sagittal MRI sean of the eervieal part of the vertebral column. A herniated dise betvveen the fifth and sixth verte- 
brae is shovvn. Note the position of the spinal eord and its meningeal eovehngs relative to the herniated dise. (Courtesy of Pait.) 
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FIGURE 12.35 The baek of a 27-year-old man 


be felt beneath the skin in the nppermost part of the eleft 
between the bnttoeks. 

The saeral hiatus is sitnated on the posterior aspeet of 
the lower end of the saernm, and here the extradural spaee 
(epidural spaee) terminates. The hiatus lies about 2 in. (5 
em) above the tip of the coccyx and beneath the skin of the 
groove between the bnttoeks. 

Coccyx 

The inferior snrfaee and tip of the coccyx ean be palpated 
in the groove between the bnttoeks about 1 in. (2.5 em) 
behind the anus (Fig. 12.1). The anterior snrfaee of the eoe- 
cyx ean be palpated with a gloved finger in the anal eanal. 

Upper Lateral Part of the Thorax 

The upper lateral part of the thorax is eovered by the seap- 
ula and its assoeiated mnseles. The seapnla lies posterior to 
the Ist to the 7th ribs (Figs. 12.1 and 12.35). 

Seapala 

The medial border of the seapnla forms a prominent ridge, 
which ends above at the snperior angle and below at the 
inferior angle (Fig. 12.35). 


The superior angle ean be palpated opposite the first 
thoraeie spine, and the inferior angle ean be palpated 
opposite the seventh thoraeie spine (Figs. 12.1 and 12.35). 

The erest of the spine of the seapnla ean be palpated 
and traeed medially to the medial border of the seapnla, 
which it joins at the level of the third thoraeie spine 
(Figs. 12.1 and 12.35). 

The aeromion of the seapnla forms the lateral extrem- 
ity of the spine of the seapnla. It is subcutaneous and easily 
loeated. 

Lower Lateral Part of the Baek 

The lower lateral part of the baek is formed by the posterior 
aspeet of the upper part of the bony pelvis (false pelvis) and 
its assoeiated glnteal mnseles. 

lliae Grests 

The iliae erests are easily palpable along their entire length 
(Fig. 12.1). They lie at the level of the fourth lumbar spine 
and are used as a landmark when performing a lumbar 
puncture. Eaeh erest ends in front at the anterior supe- 
rior iliae spine and behind at the posterior snperior iliae 
spine; the latter lies beneath a skin dimple at the level of 
the seeond saeral vertebra and the middle of the saeroiliae 
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joint. The iliae tnberele is a prominenee felt on the onter 
snrfaee of the iliae erest abont 2 in. (5 em) posterior to the 
anterosnperior iliae spine. The iliae tnberele lies at the level 
of the fifth Inmbar spine. 

Spinal Gord and Snbaraehnoid Spaee 

The spinal eord in adnlts extends inferiorly to the level of 
the lower border of the spine of the first Inmbar vertebra 
(Fig. 12.7). In yonng ehildren, it may extend to the third 
Inmbar spine. 

The snbaraehnoid spaee, with its eerebrospinal flnid, 

extends inferiorly to the lower border of the seeond saeral 
vertebra (Fig. 12.7), which lies at the level of the posterosn- 
perior iliae spine. 

Symmetry of the Baek 

Observe the baek as a whole and eompare the two sides 
with referenee to an imaginary line passing inferiorly from 
the external oeeipital protnberanee to the eleft between the 
bnttoeks. 

The posterior vertebral mnsenlatnre, which mainly 
eontrols the movements of the vertebral eolnmn and main- 
tains the postnral enrves of the eolnmn, ean be palpated. 
The mnseles are large and lie on either side of the spines of 
the vertebrae (Figs. 12.1, 12.9, and 12.35). They shonld be 


examined with the fiat of the hand. If they exhibit normal 
tone, they are firm to the toneh. A spastie mnsele feels 
harder than normal; it is also shorter than normal, which 
prodnees a eoneavity of the vertebral eolnmn on the side of 
the mnsenlar eontraetion. 

The curves of the vertebral column ean be examined 
by inspeeting the lateral eontonr of the baek. Normally, the 
posterior snrfaee is eoneave in the eervieal region, convex 
in the thoraeie region, and eoneave in the Inmbar region 
(Fig. 12.2). The anterior snrfaee of the saernm and coccyx 
together have an anterior eoneavity. The Inmbar region 
meets the saernm at a sharp angle, the lumbosacral angle. 

inspeetion of the posterior snrfaee of the baek, with par- 
tienlar referenee to the vertieal alignment of the vertebral 
spines, reveals a slight lateral enrvatnre in most normal per- 
sons. Right-handed persons, espeeially those whose work 
involves extreme and prolonged mnsenlar effort, nsnally 
exhibit a lateral thoraeie enrve to the right; left-handed 
persons nsnally exhibit a lateral thoraeie enrve to the left. 

I ■ eiinieal Cases and Review Questions 

are available online at 

I www.thePoint.lww.com/Snell9e. 







Respiratory System 



Digestive System 




TABLE I 


Airway 


Important Airvvay Dístanees 
(Adnlt)^ 


Distanees (approx.) 


Ineisorteeth to the voeal eords 5.9 in. (15 em) 

Ineisorteeth to the earina 7.9 in. (20 em) 

External nares to the earina 11.8 in. (30 em) 



^Average figures given ± 1-2 em. 


TABLE II 


I lmportant Data Concerning the 
Traehea^ 

Length (approx.) Diameter (approx.) 


Adults 


L5 in. (11.4 em) 


Infants 


1.6-2 in. (4-5 em) 


1 in. (2.5 em) 

As small as 3 mm^ 


®Extension of the head and neek, as when maintaining an airway in an anesthetized 
patient, may streteh the traehea and inerease its length by 25%. In the adult, the 
earina may deseend by as much as 3 em on deep inspiration. Atthe carina,the right 
bronchus leaves the traehea at an angle of 25 degrees from the vertieal and the left 
bronchus leaves the traehea at an angle of 45 degrees from the vertieal. In ehildren 
younger than 3 years, both bronehi arise from the traehea at equal angles. 

'’As ehildren grow, the diameter in millimeters eorresponds approximately to their age 
in years. 


TABLE 



Region 


Lengths and Capacities 

Lengths 

(approx.) 


Capacities 

(approx.) 


Esophagus 


10 in. (25 em) 


Stomaeh^ 


Lesser curvature 
4.8-5.6 in. 

(12-14 em) 


1500 mL 


Duodenum 
Jejunum 
lleum 
Appendix 
Aseending eolon 
Transverse eolon 
Deseending eolon 
Sigmoid eolon 
Rectum 
Anal eanal 
Gallbladder 
Gystie duct 
Bile duct 


10 in. (25 em) 
8ft. (2.4 m) 
12ft. (3.7 m) 


3-5 in. (8-13 em) 

5 in. (13 em) 

15 in. (38 em) 

10 in. (25 em) 

10-15 in. (25-38 em) 
5 in. (13 em) 


1.5 in. (4 em) 


2.8-3.9in. (7-10cm) 
1.5 in. (3.8 em) 

3 in. (8 em) 


30-50 mL 


^The curved course taken by a nasogastrie tube from the eardiae orifiee to the 
pylorus is usually longer, 6-10 in. (15-25 em). 
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Ureter 

10 in. (25 em) 


Bladder 


500 mL 

Male urethra 

8 in. (20 em) 


Penile 

6 in. (15.7 em) 


Membranous 

0.5 in. (1.25 em) 


Prostatie 

1.25 in. (3 em) 


Female urethra 

1.5 in. (3.8 em) 



Organ 


Male 

Testis 

Vas deferens 
Penis (ereet) 
Female 
Ovary 

Llterine tube 

Uterus 

Vagina 


Dimensions (approx.) 


2x1 in. (5 X 2.5 em) 
18 in. (45 em) 

6 in. (15 em) 


1.5 X 0.75 in. (4x2 em) 

4 in. (10 em) 

3x2x1 in. (8 X 5 X 2.5 em) 
3 in. (8 em) 



eentral nervous system 


_I_I_I_I_I_I_I_I_I 

1 2 3 4 5 6 7 8 full 

Months term 

FIGURE1 eritieal times in the maturation of the human fetus 
during vvhieh mutant genes, drugs, or environmental faetors 
may alter normal development of speeifie structures. 
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Abdomen 
bones, 135 

eompnted tomography, 226 
eostal margin, 135 
eross-seetional anatomy, 226 
endoseopie snrgery, 150,150 
radiographie anatomy, 226-239 
Abdominal aorta 

branehes, 215-216, 216 
eollateral eirenlation, 220 
embolie bloekage, 218 
loeation and deseription, 215, 216, 217 
obliteration, 219 
tranma, 219 
Abdominal eavity 

anatomy, 156-239, 263 
aorta, 215, 216, 217 
aortie plexus, 224 
appendbe, 158, 159,182 
bile duct, 198-201 
biliary ducts, 235, 236 
cecum, 180-182,181 
eolon 

aseending, 158, 159,182 
deseending, 158, 159,183-184 
sigmoid, 158,159 
transverse, 158, 159,182-183 
eommon iliae artery, 208, 216, 216 
eystie duct, 177, 200,201 
duodenum 

anatomy, 158,172-177 
arteries, 177 

loeation and deseription, 172,175 
lymph drainage, 177 

mucous membrane and papillae, 177,177 
nerve snpply, 177 
parts, 175-177 

radiographie anatomy, 232, 233-234 
relations, 176-177 
veins, 177 
esophagns 

anatomy, 157,158 
blood snpply, 169, 170 
fnnetion, 170 
lymph drainage, 170 
nerve snpply, 170 
relations, 168,170 
external iliae artery, 208, 216,218 
gallbladder 

anatomy, 157,158 
blood snpply, 193, 200 
fnnetion, 199-200 

loeation and deseription, 162,177, 199 
lymph drainage, 200 
nerve snpply, 200 

radiographie anatomy, 201,235, 236 
relations, 177, 199 
gastroesophageal sphineter, 170 
gastrointestinal traet 


aeeessory organs, 196-206 
anatomy, 168-196 
bloodsnpply, 184-196 
radiographie anatomy, 231-235 
venons drainage, 194-195 
hepatie duct, 198 
ileoeeeal valve, 182 
ileum 

anatomy, 158,177-180 
blood snpply, 179,179 
loeation and deseription, 177, 177-179 
lymph drainage, 179 
nerve snpply, 179 
radiographie anatomy, 234 
inferior mesenterie vein, 219 
inferior vena eava, 219 
internal iliae artery, 216, 218 
j ej unum 

anatomy, 158,177-180 
blood snpply, 179,179 
loeation and deseription, 177, 177-179 
lymph drainage, 179 
nerve snpply, 179 
radiographie anatomy, 234 
kidney 

anatomy, 159, 160 
blood snpply, 208, 209, 210 
eoverings, 207 

loeation and deseription, 206-207 
lymph drainage, 209 
nerve snpply, 209 
radiographie anatomy, 235 
relations, 208 
structure, 207-208, 209 
large intestine 

anatomy, 158,158,159, 180-184 
eaneer, 185 

distal part, development, 268-269 
radiographie anatomy, 233, 234, 234-235, 
235 

liver 

anatomy, 157,158, 196-201 

biliary duct, 198-201 

bloodsupply, 197-198 

loeation and deseription, 162, 196-197 

lymph drainage, 198 

nerve snpply, 198 

peritoneal ligaments, 197 

relations, 197 

lumbar plexus, 221-222, 223 
lymph nodes, 219-220, 222 
lymph vessels, 220-221 
panereas, 159,159 
anatomy, 159,159 
blood snpply, 202-203 
loeation and deseription, 201,202, 203 
lymph drainage, 203 
nerve snpply, 203 
panereatie ducts, 202 
relations, 202 


peritonenm 

anatomy, 160-168 
arrangement, 160,160,161 
eeeal reeesses, 163,164 
development, 166,168 
dnodenal reeesses, 163,164 
fnnetions, 164, 164-165 
intersigmoid reeess, 163,164 
intraperitoneal and retroperitoneal rela- 
tionship, 161 

lessersae, 160,161, 162-163,163 
mesenteries, 161, 162,164 
nerve snpply, 164 
omenta, 158,161, 162 
paraeolie gntters, 160, 163,164 
parietal, 160,164 

peritoneal ligaments, 161,162,163 
snbphrenie spaees, 163,164,167 
portal vein, 219 
reetnm, 158, 159 
retroperitoneal spaee, 206, 207 
small intestine 

anatomy, 158,158, 159,172-179 
versus large intestine, 196 
radiographie anatomy, 234 
spleen 

anatomy, 159, 159-160 
blood snpply, 206 
loeation and deseription, 203, 205 
lymph drainage, 206 
nerve snpply, 206 
relations, 203, 206 
splenie vein, 219 
stomaeh 

anatomy, 157-158,158, 171-172 
arteries, 172 

loeation and deseription, 171-172 
lymph drainage, 172 
nerve snpply, 172 

radiographie anatomy, 230, 231, 231,233 
relations, 172 
veins, 172 

snperior mesenterie vein, 219 
snprarenal glands, 159, 160,211-215 
sympathetie trunk, 222-224 
nreter 

anatomy, 209-211 
radiographie anatomy, 235, 237, 

238,239 
nrinary traet 

anatomy, 206-211 
radiographie anatomy, 235, 237, 

238,239 

Abdominal hernia, 143-147,144-146, 166 
Abdominal nerve bloek, anterior, 125, 

125,126 

Abdominal pain, 125,224 
Abdominal respiration, 77 
Abdominal straining, mnsele, 45 
Abdominal snperfieial reflex, 23 
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Abdominal viseera 

arrangement, 157-160 
snrfaee anatomy, 152-155,153-154, 239 
tranmatie injnry, 44 
Abdominal wall 
anatomy, 114-155 
anterior, 114-137 

arteries, 114,123, 125 
deep faseia, 115 
extraperitoneal fat, 124 
faseia transversalis, 119, 123 
lymph drainage, 127,127 
mnseles, 115-123,124t 
fnnetion, 123 
nerve snpply, 123 

nerve snpply, 114,120, 124,124t, 125,125 
parietal peritonenm, 121, 124 
skin, 114 

snperfieial faseia, 115,115 
veins, 115,125,126,126 
development, 138,139 
epididymis 

anatomy, 129, 131,151 
blood snpply, 132 
lymph drainage, 130, 132 
external oblique, 116,116-118, 124t 
faseial lining, 137,138 
general appearanee, 116 
gunshot wounds, 147 
iliaens, 136, 137, 137t 
ilium, 135,136 
inguinal eanal 
anatomy, 127 

development, 130,130, 131 
fnnetion, 128 
meehanies, 128,128 
walls, 127-128 

internal oblique, 117,118-119, 120,124t 
labia majora, 134 
lines and planes, 122, 152 
lumbar vertebrae, 135,135 
paraeentesis, 148-149, 148-150 
peritoneal lavage, 148,149, 150 
peritoneal lining, 137,138 
posterior 

arteries, 215-218, 216, 217 
bones, 136 

lymphaties, 219-221, 222 
mnseles, 136, 136-137,137t 
nerves, 221-226 
structure, 134-137,135,136 
veins, 218-219 
psoas major, 136,136 
pyramidalis, 116, 120, 124t 
quadrants, 122, 152 
quadratus lumborum, 136,136, 137t 
rectus abdominis, 116,118, 120,124t, 152 
rectus sheath, 116, 120-123,121 
ribs, twelfth pair, 135 
scrotum 

anatomy, 117,129, 131 
elinieal eonditions, 132 
lymph drainage, 130, 131 
spermatie eord, 128-131,129,130 
eoverings, 117, 129,130,130 
structures, 128-129,129,130 
stab wounds, 147 


snrfaee anatomy, 151-155 
snrfaee landmarks, 151-152 
snrgieal ineision, 114,147-148 
testis 

anatomy, 129, 131 
blood supply, 132 
elinieal eonditions, 132,132 
deseent, 130,133 
development, 133,134 
lymph drainage, 130, 132 
maldeseent, 133,135 
transversns, 116, 120,124t 
umbilicus 
anatomy, 151 

eongenital defeets, 141,141 
development, 138,140 
Abdominothoraeie ineision, 148 
Abdominothoraeie rhythm, 124 
Abdneent nerve, 555 
anatomy, 611-612 
integrity testing, 617 
paralysis, 617 
Abdnetion, 556 
Abdnetion, defined, 3 
Abdnetor digiti minimi, 403t, 493t 
Abdnetor hallneis, 493t 
Abdnetor pollieis brevis, 403t 
Abdnetor polliens longus 
stenosing synovia’s, 393 
tendon, 393 
Abseess 

perianal, 310, 313 
peritonsillar, 636 
Aeeessory bile duct, 201, 203 
Aeeessory duct of panereas, 202 
Aeeessory nerve 

anatomy, 614,615, 616 
eranial root, 614 
injury, 361, 616 
integrity testing, 618 
spinal root, 359, 359, 614, 616 
Aeeessory phrenie nerve, 352 
Aeeessory vein, 452 
Aeeommodation reflex, 562 
Aeetabnlar fossa, 439,441 
Aeetabnlar labrnm, 467 
Aeetabnlar ligament, transverse, 451,467 
Aeetabnlar noteh, 439,441,467 
Acetabulum, 439 
Aeetyleholine, 24 
Aehalasia, of eardia, 170 
Aehilles tendon reflex, 23, 524 
Aeromioelavienlar joint 
anatomy, 362-364, 363 
disloeation, 364 
injury, 364 
movements, 363 
Aeromioelavienlar ligament, 364 
Aeromion, 340,425 
Acute mastoiditis, 568 
Addisons disease, 215 
Addnetion, 556 
defined, 3 
thumb, 400 
Adductor brevis, 464t 
Adductor eanal, 440,456, 457, 520, 520 
Addnetor hallneis, 493t 


Addnetor hiatus, 463 
Adductor longus, 464t 

Adductor magnus, 454,462,463,464, 464t, 466t, 
521,522 

Adductor muscles 

and eerebral palsy, 465 
lower limb, 45 7 
Addnetor pollieis, 403t 
Addnetor tnberele, 521, 522 
Adenohypophysis, 652 
Adenoids, 637 
Adventitions bursae, 511 
Afferent fibers, 20 

parasympathetie system, 27 
sympathetie system, 26 
Afferent glomernlar arterioles, 208 
Afferent lymph node, 19 
Age 

effeet on structure, 32, 33 
thorax ehanges, 50 
Alar folds, 501, 501 
Alar ligament, 688 
Allen test, 428 
Altas 

anatomy, 686, 687 
fraetnre, 692 
Alveolar areh, 530 
Alveolar ducts, 70, 71 
Alveolar nerve, 553, 610 
Alveolar proeess, 530 
Alveolar saes, 70, 71 
Alveoli, 70 
Amelia, 415-416 
Ampnlla, 569 
breast, 336 
reetal, 265, 266 
semieirenlar eanal, 569 
nterine tube, 284 
vas deferens, 275 
of Vater, 199, 200 
Anal eanal 

anal sphineters, 306, 306-308 
anatomy, 304-309 
blood supply, 307, 308 
development, 312 
loeation and deseription, 304, 305 
lymph drainage, 307, 308 
eaneer and, 311 
muscle eoat, 306, 306 
nerve supply, 304, 308-309 
relations, 304, 305, 306 
structure, 304, 304-306, 306-308 
Anal eolnmns, 304 
Anal fissnre, 310, 313 
Anal fistnlae, 310, 313 
Anal sphineter nerve bloek, 311 
Anal sphineters, 306, 306-308, 323t 
Anal triangle, 329, 332 
Anal valves, 304, 306, 308, 310, 313 
Anastomosis, 16 
Anatomie end artery, 16 
Anatomie position, 2, 2 
Anatomie snuffbox, 393,426,427 
Anatomie terms, deseriptive, 2, 2-3,4-5, 5 
Aneonens, 397t 

Anesthesia. See also Nerve bloek 
caudal, 255, 705 
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spinal, sympathetie nervons system and, 100 
Anenrysm, aortie, 98 
Angina, Ludwig’s, 595 
Angina peetoris, 89 
Angiography, eoronary, 59,107 
Angle of Louis, 35, 36, 50, 418,423 
Ankle 

anatomy, 521-523, 522, 523, 526 
anterior aspeet, 483, 490, 523 
anteroposterior radiograph, 516 
great saphenons vein cutdown at, 437, 453, 
454 

lateral aspeet, 522 
lateral radiograph, 517 
medial aspeet, 522 
posterior aspeet, 483, 490, 523 
radiograpbie anatomy 
anteroposterior, 516 
lateral, 517 
retinaenla, 479 
structures, 483, 490 
Ankle jerk, 23, 524 
Ankle joint 

acute sprains, 506 
anatomy, 504, 505, 505-506 
artienlation, 504, 505, 505 
eapsnle, 505 
eoronal seetion, 505 
fraetnre disloeations, 506 
lateral aspeet, 504 
ligaments, 504, 506 
medial aspeet, 504 
movements, 506 
nerve snpply, 506 
posterior aspeet, 505 
relations, 481,483, 506 
sprains, 506 
stability, 506 
synovial membrane, 506 
type, 505 

Anoeoeeygeal body, 248, 304 
Anoreetal eanal, 269, 312 
Anoreetal foreign body, 310-311 
Anoreetal ring, 306, 310 
Anosmia, 616 

Ansa snbelavia, 594, 597, 621 
Antagonist, mnsele, 8,10 
Anterior, defined, 3 

Anterior abdominal walL See Abdominal wall, 
anterior 

Anterior atlanto-oeeipital membrane, 688 

Anterior axillary fold, 419 

Anterior axillary line, 54 

Anterior axillary nodes, 98, 339, 356 

Anterior bnrsae, 470, 501, 501 

Anterior eardiae vein, 81,87, 89, 96 

Anterior eeeal artery, 194 

Anterior eerebral artery, 599 

Anterior eervieal lymph nodes, 604 

Anterior ehamber, 559 

Anterior ehamber of eye, 559 

Anterior ehest wall, 36, 50, 51,52 

Anterior circumflex humeral artery, 361 

Anterior elinoid proeess, 535 

Anterior eompression fraetnre, 692 

Anterior eranial fossa, 534-535, 536t, 537 

Anterior erneiate ligament (ACL), 470, 500, 501 


Anterior ethmoidal nerve, 535, 555 
Anterior fold, 53 

Anterior fontanelle, 538, 539, 663, 675 
Anterior inferior iliae spine, 437,441 
Anterior intereondylar area, 470 
Anterior intereostal arteries, 40, 41,42 
Anterior intereostal membrane, 39,40 
Anterior intereostal veins, 41,42 
Anterior internodal pathway, 86 
Anterior interosseons artery, 380 
Anterior interosseons nerve, 380 
Anterior jugular vein, 579, 590, 590, 601 
Anterior longitndinal ligament, 690 
Anterior malleolar folds, 566 
Anterior median fissnre, 697 
Anterior mediastinnm, 59 
Anterior nasal apertnre, 530 
Anterior pelvie wall, 244, 247 
Anterior ramus, 20, 699 
Anterior root, 20 
Anterior saeral foramina, 243 
Anterior saeroiliae ligament, 258 
Anterior spinal artery, 699 
Anterior snperior alveolar nerve, 553, 610 
Anterior snperior iliae spine, 151, 258, 259, 260, 
437,513,517,518,718 
Anterior talofibnlar ligament, 504, 506 
Anterior tibial artery, 477,480,482, 485 
Anterior triangle, neek, 592, 677, 678, 678-679 
Anterior vagal trunk, 172 
Anterior view, neek, 592, 596 
Annlar ligament, 408, 566 
Annlar panereas, 204 
Anulus fibrosus, 689, 707 
Anulus ovalis, 82, 92 
Anus, 329, 332 
imperforate, 312 
Aorta 

abdominal 

branehes, 215-216, 216 
eollateral eirenlation, 220 
embolie bloekage, 218 
loeation and deseription, 215, 216, 217 
obliteration, 219 
tranma, 219 
areh, 56, 95 
aseending, 80, 81,95 
eoaretation, 98 
deseending, 65, 68, 95, 98 
development, 92, 95 
obliteration, 219 
sinnses, 95 

snrfaee markings, 215, 217 
thoraeie, 95-98 
tranma, 219 

Aortie anenrysm, 98,207, 218 

Aortie knnekle, 104 

Aortie lymph nodes, 129,132,209, 319 

Aortie opening, diaphragm, 46 

Aortie plexus, 223, 224 

Aortie sinus, 85 

Aortie valve, 91 

Aortie vestibule, 92 

Aorticopulmonary septnm, spiral, 92, 96 
Apex 

of heart, 55, 56, 80 
of lung, 54, 70 


Apexbeat, 51 

Apieal axillary nodes, 357, 358 
Apieal ligament, 688 
Aponenrosis, 8, 8 
Appendiees, epiploieae, 196 
Appendieitis, 185 

Appendienlar artery, 181, 182,185, 194 
Appendix 

anatomy, 158, 159 
anomalies, 188 
blood snpply, 182 
development, 186-187 
infeetion, 185 

loeation and deseription, 182 
lymph drainage, 182 
nerve snpply, 182 
pelvie, 268 
perforation, 185 
position, 185 
snrfaee markings, 155 
tip, position, 182 
nndeseended, 187 
Aqueous humor, 560, 560-561 
Araehnoid grannlations, 534 
Araehnoid mater 
brain, 543, 554 

spinal eord, 691,696, 697, 700, 701, 704 
Araehnoid villi, 707 
Arehes of foot 

anatomy, 508, 509 
bones, 504, 508, 509 
elinieal problems, 511 
maintenanee, 509, 509-510, 510 
meehanisms of snpport, 508, 509, 510 
Arenate artery, 208,498,499 
Arenate eminenee, 535 
Arenate ligaments, 44,49 
Arenate line, 116,121, 123,135 
Areola, 336 

Areolar glands, 336,426 
Arm, See also Forearm; Upper arm 
bones, 337, 340-343 
cutaneous nerves, 352 
Arreetor pili, 5,6 
Arteria prineeps pollieis, 403 
Arteria radialis indieis, 403 
Arteriography, eerebral, 662 
Arteriole, 16 

Arteriovenons anastomosis, 17,18 

Artery, branehes, 16 

Arthritis 

gonoeoeeal, 15 
osteoarthritis, 371,469 
tuberculous, 15 

Arthroeentesis, elbow joint, 408 
Arthroseopy, knee joint, 503 
Artienlar dise, 13, 572 
Artienlar proeesses, 684 
Artienlar snrfaee, 13 
Artienlar tnberele, 532 
Artienlaris genus, 470, 500 
Arytenoid transverse, 648, 648t 
Asbestosis, 78 
Aseending aorta, 95 
Aseending eolon 

anatomy, 155,158, 159,182 
development, 186-187 
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Aseending Inmbar vein, 94 
Aseending pharyngeal artery, 598 
Aseites, 165 

Asphyxia, tranmatie, 91 
Asthma, bronehial, 78 
Atlanto-oeeipital joints, 687-688,688 
Atlanto-oeeipital membrane, 688 
Atlantoaxial joints, 687, 688, 688, 688-689, 692 
Atlas 

anatomy, 685, 686, 686-687 
fraetnre, 692-693, 693 
Atrial septal defeets, 92 
Atrial septnm, 85 
Atrioventrienlar bnndle, 85-86 
Atrioventrienlar eanal, 91 
Atrioventrienlar node, 85 
Atrioventrienlar orifiee, right, 83 
Atrioventrienlar valves, 92 
Atrinm 

development, 91 
left, 80, 83-85,84 
openings into, 85 
right 

fetal remnants, 82,82,83 
openings into, 82 
Anditory area, 546 
Anditory meatns 
external, 532 
internal, 536 
Anditory ossieles 

anatomy, 563, 564, 566 
movements, 566, 567 
mnseles, 566, 566t 
Anditory tnbe, 532, 567 
Anriele, 562 

Anrienlar appendages, 92 
Anrienlar artery, posterior, 578, 596, 598 
Anrienlar nerve, great, 587 
Anrienlar vein, posterior, 578, 579 
Anrienlotemporal nerve, 576, 577, 579, 580, 610, 
611 

Ansenltation 
ehest, 53 
heart valves, 90 
Ansenltatory triangle, 695 
Antomatie reflex bladder, 274 
Antonomie nerves 

inferior hypogastrie plexuses, 256 
pelvie wall, 255 

superior hypogastrie plexus, 255-256 
testicular, 128 

Autonomic nervons system, 22-27 
Autonomous bladder, 274 
Axilla 

anatomy, 343-357 
braehial plexus branehes in, 352 
eontents, 345-357 
key mnseles, 344, 346 
radial nerve injnry in, 431 
snspensory ligament, 344 
walls, 343-344, 346, 347, 348 
Axillary artery 

anatomy, 350-351 

arterial anastomosis and ligation, 361 
Axillary fold, 53,419 
Axillary line, 54 
Axillary lymph nodes 
anatomy, 356-357 


examination, 358 
Axillary nerve, 347, 352, 353, 356 
anatomy, 360, 361 
branehes, 356 
injnry, 361 
Axillary sheath, 351 
Axillary tail, 336, 336, 425 
Axillary vein 

anatomy, 346, 350, 351 
spontaneons thrombosis, 351 
Axis 

anatomy, 686, 687 
fraetnre, 692,693 
Axon, 20 

Azygos veins, 94, 96 

B 

Baek 

anatomy, 683-719 
arteries, 695 

auscultatory triangle, 695 
blood snpply, 695,696 
bones, 358, 358 
deep faseia, 695 

deep mnseles, 693,694, 694-695 
examination, 686 
lower lateral part, 718 
Inmbar triangle, 695 
lymph drainage, 695 
midline structures, 684, 717, 718, 718 
muscles, 348t, 349t, 693,694, 694-695 
muscular triangles, 695 
nerve snpply, 359, 360, 695, 697 
postvertebral mnseles, 693, 694, 694-695 
radiographie anatomy, 710, 710, 713-717, 
715-717 
skin, 358 

spinal eord, 697-701, 704-705, 707. See also 
Spinal eord 
splenins, 695 
snperfieial part, 358-362 
snrfaee anatomy, 358-362,684, 694, 717, 718, 
718-719 

snrfaee markings, 684 
veins, 695,696 

vertebral eolnmn, 683-693. See also Vertebral 
eolnmn 
Baker s eyst, 478 
Ball-and-soeket joints, 13 
Barinm enema, 298 
Barrel ehest, 78 
Basie anatomy, defined, 2 
Basilar artery, 547, 599 
Basilar membrane, 569 
Basilie vein, 382,432 
eatheterization, 370 
Basivertebral veins, 695, 696 
Bell’s palsy, 582 
Belly, mnsele, 8 
Bennett’s fraetnre, 382 
Bieep tendon, 521, 521 
Bieeps braehii 
long head, 374t 

osteoarthritis of shonlder joint and, 371 
short head, 374t 

Bieeps braehii tendon reflex, 23,429 
Bieeps femoris, 465,466,466t, 476 
Bieeps tendon, 426 


Bieipital aponenrosis, 426 
Bieipital groove, 342, 343 
Bieipital tnberosity, 378 
Bifid nreter, 215 
Bifnreated ligament, 504, 507 
Bile duct 

aeeessory, 201, 203 
anatomy, 177,198-199,199 
eaneer, 204 
develeopment, 201 
entranee into duodenum, 204 
Biliary apparatus, extrahepatic, development, 190 
Biliary atresia, 201 
Biliary eolie, 200 
Biliary ducts 

anatomy, 198-201,199 
eongenital anomalies, 201, 202 
development, 201 
radiographie anatomy, 235, 236 
Bipennate mnsele, 8 
Bitemporal hemianopia, 617 
Bladder. See IJrinary bladder 
Blind spot, 560 
Blood snpply, eornea, 558 
Blood transfiision, 370 
Blood vessels 

anatomy, 16-17,17,18 
disease, 18 

Blowout fractures, 561 

Boil, 6 

Bone 

anatomy, 28, 29 
eaneellons, 28 
elassifieation, 28-31, 30t 
eompaet, 28 
development, 31-32 
flat, 30 
fraetnre, 30 
irregnlar, 30 
long, 29 

regional elassifieation, 30t 
sesamoid, 30-31 
short, 29-30 

snrfaee markings, 31, 31t 
Bone marrow, 29, 31 
Bony labyrinth, 568-569 
Bony pelvis, 298, 299-300 
Bontonnière deformity, 406 
Bowel. See Intestine 
Braeh ioradialis tendon reflex, 429 
Braehial artery 

anatomy, 371, 371, 372, 372, 374,426 
palpation 

Braehial plexus, 21-22 

anatomy, 346, 347, 351-356, 352, 353, 354t, 
357, 618-619 
branehes, 619 
eompression, 619 
eords, 351 
development, 415 
injnry, 429, 619 
nerve bloek, 351, 619 
roots, 351 
trnnks, 351 
Braehialis, 374t 
Braehioeephalie artery, 56 
Braehioeephalie vein, 56 
Braehioradialis, 393t 
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Braehioradialis tendon reflex, 23 
Braehydaetyly, 416,417 
Brain 

araehnoid mater, 529, 543 

arteries, 548 

arteriography, 662 

blood snpply, 548 

eerebrnm, 544-546 

eompnted tomography, 662 

eranial meninges, 534 

eranial nerves. See Granial nerves 

dieneephalon, 545, 546 

dnra mater, 539-543 

herniation, after Inmbar pnnetnre, 543, 705 
hindbrain, 547-548 
injnry, 548 

magnetie resonanee imaging, 662 
midbrain, 546-547 
parts, 544-548, 545-547 
pia mater, 543 
vein, 548, 600 
venons blood sinnses, 544 
ventrieles, 548 
Brainstem, 541 
Breast. See also Nipple 
anatomy, 423, 425-426 
blood snpply, 337 
eaneer, 338-339 
development, 339 
examination, 338 
fibrons septa, 338 

loeation and deseription, 335-336, 336 
lymph drainage, 337, 339 
in postmenopansal women, 336, 337 
in pregnaney, 336, 337 
at pnberty, 336 
in yonng women, 336 
Broea’s area, 546 
Bronehi, 70 

anatomy, 65, 65-67,67, 70, 71 
eonstrietion, 78 
segmental (tertiary), 71 
Bronehial artery, 97 
Bronehial asthma, 78 
Bronehioles, 70, 71 
respiratory, 71 
terminal, 71 
Bronehitis, 66 

Bronehogenie eareinoma, 78 

Bronehography, 105,112 

Bronehomediastinal lymph trnnk, 73 

Bronehopnlmonary nodes, 73 

Bronehopnlmonary segments, 71-72, 72, 73 

Bronehoseopy, 66 

Bneeal (faeial) nodes, 603 

Bneeal nerve, 580, 610 

Bneeinator, 573t, 582 

Bneeopharyngeal membrane, 583 

Bnek’s faseia, 315 

Bnlb 

of penis, 315 
of vestibnle, 321, 322 
Bnlbar ridges, 92 

Bnlbospongiosns, 315, 318, 319, 322, 323t 
Bnlbonrethral glands, 314, 320 
Bnlbns eordis, 91 
Bnlla ethmoidalis, 644 


Bnndle of His. See Atrioventrienlar bnndle 
Bnnion, 511 
Bnrn skin, 6 
Bnrsae 

anatomy, 15,16 
infeetion, 16 
tranma, 16 
Bnttoek 

faseia, 437,439,440 
fold, 513 

skin, 436-437,437,438 

e 

Galeaneal spnr, 491 
Galeaneoenboid joint 
artienlation, 472, 507 
eapsnle, 507 

ligaments, 496,497, 504, 507 
synovial membrane, 507 
type, 507 

Calcaneofibular ligament, 504, 506 
Calcaneovalgus, 525 
Calcaneum 

anatomy, 473, 473-475,474, 523 
fraetnres, 475-476 
Calcarine sulcus, 546 
Calculi 

submandibular gland, 631, 633,633 
nreterie, 273 

Calf, lateral cutaneous nerve of, 437, 479,487 
Calyces, 208,212 
Canaliculi laerimalis, 551 
Canaliculus laerimalis, 550 
Cancellous bone, 28 
Cancer. See speeifie anatomy 
eapillary, 17 
lymph, 19 
eapitate bone, 379 
Capitulum, 343 
Capsule, 561 
Capsule joint, 13 
Carbuncle, 6 
Cardia, aehalasia of, 170 
Cardiac eondneting system, 11 
Cardiac eyele, 90 
Cardiac mnsele, 10-11 
Cardiac noteh, 54, 73 
Cardiac orifiee, 172 
Cardiac pain, 90,101 
Cardiac plexus, 89 
Cardiac tamponade, 80 
Cardiac vein, 89 
eardioesophageal jnnetion, 154 
Cardiophrenic angles, 105 
Cardiopulmonary resnseitation, 91 
Carina, 63, 66 
earotid artery 

eommon, 596, 597 
external, 597-598 
internal, 598 

arteriography, 667-671 
arterioselerosis, 599 
branehes, 599 
left, 56 

earotid body, 596, 597 
earotid eanal, 532, 535 
earotid nerve, internal, 619 


earotid pulse, 597 
earotid sheath, 586, 593, 596 
earotid sinus, 596, 597 
earotid triangle, 596 
Carpal tnnnel, 379, 383, 384, 384 
Carpal tnnnel syndrome, 398,432 
Carpometacarpal joint, 412 
earrying angle, 408 
eartilage, types, 32 
Cartilaginous joints, 11-12 
Cartilaginous rib, 707 
Cartilaginous vertebra, 707 
Caruncula laerimalis, 550 
eatheterization, 325 
of female, 325 
of male, 321 
proeednre of, 321 
nmbilieal vessel, 142, 142-143 
Cauda equina, 20, 697, 698, 701 
Caudal anesthesia, 705, 706, 709 
Caval obstrnetion, 95,126 
Caval opening, diaphragm, 46 
Cavernous sinus, 544 

structures assoeiated with, 544 
thrombosis, 581 
Cecal artery, 181, 182,194 
Cecal reeesses, 163,164 
Cecostomy, 185 
Cecum 

anatomy, 158, 159,180-182,181 

arteries, 180,181 

development, 186-187 

loeation and deseription, 179, 180,181 

lymph drainage, 182 

nerve snpply, 182 

relations, 180,180,181 

snrfaee markings, 155 

tranma, 185 

nndeseended, 187 

veins, 182 

Celiac artery, 184,191,194 
Celiac plexus, 224 

eentral artery of the retina, 555, 560 
eentral axillary nodes, 357, 358 
eentral eanal, 548 
eentral nervons system, 20 
eentral seotoma, 617 
eentral sulcus, 545 
eentral tendon, 44 
eentral vein, 197 
Centrum, 707, 708 
Cephalic vein, 369, 380,426,434 
eatheterization, 370 
eerebellar pednneles, 548 
Cerebellum, 536, 548 
eerebral aqueduct, 547, 548 
eerebral arteries, 599 
eerebral arteriography, 662, 664-667 
eerebral hemispheres, 535 
Cerebral hemorrhage, 544 
eerebral palsy, 465 
eerebral peduncles, 547 
eerebral vein 
great, 544, 548 
internal, 540, 548 
snperior, 544, 548 

eerebrospinal fluid, 691,697, 700, 707, 719 
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Cerebrum, 530, 544-546, 545 
Ceruminous glands, 562 
Cervical artery, 361 
snperfieial, 600 
Cervical eanal, 285 

Cervical dise herniation, 702, 703, 717 
Cervical enlargement, 697 
Cervical faseia 
deep 

axillary sheath, 596 
earotid sheath, 593, 596 
eervieal ligaments, 596 
elinieal signifieanee, 595 
investing layer, 593 
pretraeheal layer, 593 
prevertebral layer, 593 
snperfieial, 587, 590 
Cervical ganglion, 594, 597, 619-621 
Cervical ligaments, 288 
Cervical lymph nodes 
anterior, 604 
elinieal signifieanee, 605 
deep, 604 
examination, 605 
metastasis, 605 
regional, 603-604 
snperfieial, 604 
Cervical nerves, 20, 22, 23 
Cervical plexus, 21,616, 618 
Cervical rib, 37, 687 
Cervical root syndromes, 703t 
Cervical tuberculous osteomyelitis, 638 
Cervical vertebra 

anatomy, 590-591, 686, 686-687 
first, 686, 687 
fraetnre, 692,693 
seeond, 686, 687 
seventh, 53,425,686, 687, 717 
spinons proeesses, 425,425 
Cervix, 285 

eesarean seetion, emergeney, 289 
ehassaignae tnberele, 717 
eheek ligament, lateral, 557 
eheek mnseles, 582 
ehest 

anterior snrfaee, 418-419,423,424, 425 
barrel, 78 

elinieal examination, 53 
flail, 44 

posterior snrfaee, 423,424, 425,425 
snrfaee anatomy, 423,424, 425,425 
tranmatie injnry, 44 
ehest eavity, 59 
ehest pain, 41,101 
ehest wall 

anterior, 36, 50, 51,52 
joints, 38 

posterior, 53, 53, 54 
skin innervation, referred pain and, 41 
Chewing movements, lateral, 573 
ehief eells, 661 
ehild, uterus in, 288 
ehildbirth, perineal injnry dnring, 326 
ehoanae, 532 
eholeeysteetomy, 200 
eholeeystitis, acute, 200 
eholeeystokinin, 199 
eholedoehal eyst, eongenital, 201, 203 


ehorda tympani, 568, 613 
ehorda tympani nerve, 575, 610,611 
ehordae tendineae, 83 
ehordee, 328 
ehoroid plexus, 548, 707 
ehyme, 171 
eiliary arteries, 555 
eiliary body, 558 
eiliary ganglia, 27 
eiliary ganglion, 555 
eiliary glands, 550 
eiliary mnsele, 55It, 557, 558 
eiliary nerve, 555, 605, 608 
eiliary proeess, 558 
eiliary ring, 558 
eiliary striae, 558 
eirele of Willis, 599 
Circulation, eollateral, 18, 524 
Circumcision, 321 
Circumduction, 691 
Circumduction, defined, 3 
Circumflex artery, 87 
Circumflex femoral artery, 464 
Circumflex humeral artery, 351 
Circumflex iliae artery 
deep, 218 

superficial, 438, 461 
Circumflex iliae vein, snperfieial, 452 
Circumvallate papillae, 626 
eirrhosis, 101,170 
eisterna ehyli, 98,220 
eiandieation, intermittent, 524 
eiaviele, 50 

anatomy, 337, 340, 340, 341 
eompression of nerves and blood vessels by, 
341 

fraetnres, 341 

eiavipeetoral faseia, 344, 346, 347 
Clawfoot, 511 
eieft lip 

lower, 584, 585 
upper, 583-584, 585, 586 
eieft palate, 585, 629,631 
eiinieal anatomy, defined, 2 
eiitoris, 327, 327 

anatomy, 317, 321-322, 322 
body, 322 
ereetion, 323 
glans, 322 

loeation and deseription, 321-322, 322 
root, 321-322, 322 
eioaea, 312 

eioaeal membrane, 312 
Club foot, 512 

Coarctation of the aorta, 83, 98 
Coccydynia, 251 
Coccygeal nerves, 20 
Coccygeus, 252t 
Coccygeus muscle, 248, 250 
Coccyx, 245, 247, 259, 260, 304, 329, 513, 519 
anatomy, 684, 685, 687, 718 
fraetnre, 251 
Cochlea, 569 
Cochlear nerve, 569 
Colic 

biliary, 200 
renal, 212 
Colic artery, 193 


Colic flexure 
left, 182 
right, 182 

eollateral arteries, ulnar, 378 
eollateral eirenlation, 18, 524 
eollateral ligaments, 412,414 
eolles’faseia, 115,312,315,319 
Colles’ fraetnre, 380 
Colliculi, 545, 547 
Colon 

anomalies, 188 
aseending, 158, 159,182 
anatomy, 155,158, 159 
development, 186 
deseending, 158, 159,183-184 
anatomy, 155,158, 159 
development, 187 
sigmoid 

anatomy, 158,159, 263 
development, 187 
radiographie anatomy, 298 
variation in length and loeation, 264 
transverse, 158, 159,182-183 
anatomy, 155,158, 159 
development, 186 
tranma, 185 
nndeseended, 187 
Colonoscopy, 185,264 
eolostomy, 185, 264 
Colostrum, 336 
Common earotid artery, 56 
Common hepatie duct, 198 
Common iliae artery, 208, 216, 216, 249, 254, 
256 

Common interosseons artery, 388 
Common peroneal nerve, 521, 522 
anatomy, 479 

branehes, 437,449,476,477, 479 
injnry, 449, 525 

sural communicating braneh, 449,476, 497 
tibial portion, 468t 
eommotio eordis, 86 

Communicating artery, posterior, 547, 599 
Compact bone, 28 
Compartment syndrome 
forearm, 382-383 
leg, 486 

Computed tomography 
abdomen, 226 
brain, 662 
pelvis, 298 
skull, 662 
thorax, 105 

vertebral column, 715, 716, 717 
Conchae, 530 

Concomitant strabismns, 561-562 
Conducting system of heart, 11 
atrioventrienlar bnndle, 85-86 
atrioventrienlar node, 85 
failnre, 86 

internodal eondnetion paths, 86 
sinnatrial node, 85 
eondyloid joints, 13 
eondyloid proeess, 569, 570 
eongenital tortieollis, 592 
eonjoint tendon, 117,118, 143 
Conjunctiva, 550 
Conjunctival sae, 550 
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Consensual light reflex, 562 
Gonstrietor, 557 

Gonstrietor muscles, pharynx, 634 
Gontralateral, defined, 3 
Conus arteriosus, 92 
Conus artery, 86, 87 
Conus medullaris, 697 
Copula, 625 

Coracoacromial ligament, 364 
eoraeobraehialis, 374t 

Coracoclavicular ligament, 341,346, 363, 365 
Coracohumeral ligament, 364, 365 
Coracoid proeess, 340 
Cornea, 558 

Corniculate eartilage, 646 
Cornua, of coccyx, 245 
eoronal planes, 3, 691 
eoronal suture, 532 
eoronary angiography, 107 
eoronary artery, 86 
anastomoses, 87 
eondneting system, 88 
variations, 87 

eoronary artery disease, 50, 88-89 
eoronary bypass snrgery, 453 
eoronary ligament, 161,197 
eoronary sinus, 82 
eoronea, 318, 333 
eoronoid fossa, 343 
eoronoid proeess, 379, 569, 570 
eorpora eavernosa, 315, 316, 318, 322 
Corpus cahosum, 544 
Corpus spongiosum, 315, 318 
Corrugator supercihi, 582, 583 
Cortex, 548 
Costal eartilage 
identifieation, 54 
joints, 35, 36, 37 38-39, 39 
movements, 39 
Costal groove, 36, 37, 38 
Costal margin, 50,135, 151,418,423 
Costal plenra, 62 
Costal proeesses, 707 
Costocervical trunk, 600 
Costoclavicular ligament, 362 
Costodiaphragmatic reeess, 55, 62 
eostomediastinal reeess, 62 
Coxa valga, 442 
Coxa vara, 442 
eranial eavity, 534 
eranial fossa 

anatomy, 534-536 
fraetnre, 537 

eranial meninges, 539-544 
eranial nerves, 20. See also speeifie nerves, eg., 
Olfaetory nerve 
elinieal testing, 616 
integrity testing, 616 
organization, 605, 606t-607t, 607-616 
Cranium, 530, 531 
Cremasteric faseia, 130 
Cremasteric reflex, 131 
eretinism, 659 
Cribriform faseia, 455 
eribriform plate, 535 
Cricoarytenoid mnseles, 645 
Cricoid eartilage, 645 
Cricopharyngeus, 634, 638 


Cricothyroid ligament, 647 
Cricothyroid mnsele, 648t 
Cricothyroidotomy, 654, 655 
Cricotracheal ligament, 646, 676 
Crista galli, 535 
Crista terminalis, 82 
Cruciate anastomosis, 449 
Cruciate ligaments 
anatomy, 13 
anterior, 500 
posterior, 500 
Crura 

of elitoria, 321 
of penis, 315, 316, 318 
Crus, 44 

Crus eerebri, 547 
Cryptorchidism, 133 
Cubital fossa, 377, 378, 378 
anatomy, 377, 378, 378 
bonndaries, 378 
eontents, 370, 377, 378 
Cubital vein, median, 382,434 
Cuboid bone, 473,473,474 
Cuboidal epithelmm, 561 
Cuboideonavicular joint, 508 
Culdocentesis, 296 
Cuneate tnbereles, 547 
Cuneiform bones, 474, 475 
Cuneocuboid joint, 508 
Cuneonavicular joint, 507 
Cushings syndrome, 215 
Cutaneous nerves 
arm, 352 
forearm, 352 
leg, 437, 481 

lower limb, 436-437,437 
neek, 587, 587 
thigh, 437, 450,451,465 
intermediate, 437, 451,463 
lateral, 437, 450 
medial, 437, 451,463 
posterior, 445, 448 
transverse, 587 
Cystic artery, 192,193, 200 
Cystic duct 

anatomy, 177, 200,201 
development, 201 
Cystic lymph node, 200 
Cystic vein, 195, 200 
Cystitis, 325 
Cystourethrogram, 330 
Cyst(s) 

Baker’s, 478 

eholedoehal, eongenital, 201,203 

mediastinal, 60 

mesenterie, 180 

ovary, 282 

sebaeeons, 6 

snblingnal gland, 633 

thyroglossal, 659 


D 

Dartos mnsele, 312 
Deciduous teeth, 623 
Decussation of the pyramids, 547 
Deep, defined, 3 
Deep eervieal artery, 600 
Deep eervieal faseia 


axillary sheath, 596 
earotid sheath, 593, 596 
eervieal ligaments, 596 
elinieal signifieanee, 595 
investing layer, 593 
pretraeheal layer, 593 
prevertebral layer, 593 

Deep eervieal lymph nodes, 595, 601, 605, 627 
Deep circumflex iliae artery, 218 
Deep external pndendal artery, 440, 461 
Deep faeial vein, 600 
Deep faseia, 695 

Deep infrapatellar bursa, 470, 501 
Deep inguinal lymph nodes, 454,455, 463 
Deep palmar areh, 403,427, 428 
Deep perineal pouch 
anatomy, 315,315,317 
female, 317, 323, 323t 
male, 317, 319-320 

Deep peroneal nerve, 437, 498-500,499 
Deep petrosal nerve, 535 
Deep plexus, 73 
Deep temporal nerves, 610 
Deep transverse faseia of leg, 487 
Deep transverse perineal mnsele, 320, 323t 
Deep vein thrombosis, 489 
Defeeation, 309 
Deglntition, 638-639 
Deltoid, 349t, 506 
Deltoid tnberosity, 343 
Deltopeetoral triangle, 419,423,424 
Dendrite, 20 
Dental infeetions, 595 
Dentate nucleus, 548 
Depression, 556 
Depressor angnli oris, 582, 613 
Depressor labii inferioris, 582 
Dermatomes, 23, 707, 708 
thoraeie, 101 
Dermatomyotome, 707 
Dermis, 3 

Deseending aorta, 97 
Deseending eervieal nerve, 616 
Deseending eolon 

anatomy, 155,158, 159,183-184 
development, 187 

Deseending genienlar artery, 457, 461 
Detrnsor mnsele, 272 
Diagonal artery, left, 87 
Diaphragm 
aetion, 45 

anatomy, 36, 44-46,49 
eostal part, 44 
deseent, 45 
development of, 56 
fimetions, 45-46 
hernia, 56 
nerve snpply, 45,45 
openings, 46 
paralysis, 46 
penetrating injnry, 46 
shape, 36, 45 
sternal part, 44 
vertebral part, 44 
Diaphragma sellae, 541 
Diaphragmatie faseia, 137 
Diaphragmatie plenra, 62 
Diaphysis, 12,29, 32 
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Dieneephalon, 546 
Digastrie fossa, 569 
Digastrie mnsele, 569 
Digastrie triangle, 596 

Digestive system. See Gastrointestinal system 
Digital arteries, 402 
Digital synovial sheaths, 399 
Dilator mnseles, lips, 582 
Dilator naris, 582 
Dilator pnpillae of iris, 557, 559 
Diploé, 30 
Diploie veins, 600 
Diplopia, 617 
Direet light reflex, 562 
Disloeated joint, 15 
Distal, defined, 3 
Distal earpal row, 379 
Distal radionlnar joint, 409,409,410 
Distal tibiofibnlar joint 
artienlation, 504, 504, 505 
eapsnle, 505 
ligaments, 505 
movements, 505 
nerve snpply, 505 
type, 505 
Divertienla, 264 
Divertienlosis, 185 
Dorsal, defined, 3 
Dorsal interosseons mnseles, 402t 
Dorsal metatarsal artery, 498,499 
Dorsal nerve of the penis (or elitoris), 308, 309 
Dorsal nnelens of the vagns, 621 
Dorsal seapnlar nerve, 354t 
Dorsal thalamns, 546 
Dorsal tnberele, 378,426 
Dorsal venons areh 
foot, 452, 498, 523 
hand, 406,427 

Dorsalis pedis artery, 496,497, 498,499, 523 
branehes, 496 
palpation, 480, 523 
Dorsiflexion, 506 
Dorsnm sellae, 535 
Donble kidney, 213 
Donble pelvis, 213 
Donble vagina, 296 
Donglas, poneh of, 297 
Dropped shonlder, 342, 342 
Duct of the eoehlea, 569 
Ductus reuniens, 569 
Ductus utriculosaccularis, 569 
Ductus venosus, 197 
Duodenal eap, 233 
Dnodenal papilla, 199,202, 204 
major, 175,177,199 
minor, 202 

Dnodenal reeesses, 163,164, 180 
Dnodenal ulcer, 178 
Duodenum 

anatomy, 158,172-177 

arteries, 177 

atresia and stenosis, 186 

development, 186 

loeation and deseription, 172,175 

lymph drainage, 177 

mucous membrane and papillae, 177,177 
nerve snpply, 177 


obstrnetion, 187, 205 
parts, 175-177 

radiographie anatomy, 232, 233-234 
snrfaee markings, 154 
tranma, 178 
veins, 177 

Dupuytren’s eontraetnre, 398 
Dura mater 
brain, 539-543 

spinal eord, 691,696, 697, 700, 700, 701 
Dysphagia, 170, 638 

E 

Ear 

anatomy, 562-569, 563, 564, 565, 566t, 567 
external, 562, 563 
infeetions, 568 
internal, 568-569 
middle, 562, 563-564 
Eetoderm, 33 
Eetopie panereas, 204 
Eetopie parathyroid glands, 661 
Eetopie pregnaney, 285, 286 
Eetopie thyroid tissne, 659 
Eetromelia, 415, 512, 513 
Edinger-VVestphal nucleus, 621 
Efferent fibers, 20 

parasympathetie system, 26-27 
sympathetie system, 24-26 
Efferent lymph node, 19 
Ejaenlation, after spinal eord injnry, 321 
Ejaenlatory duct, 275, 276 
Elastie eartilage, 32 
Elastie ligament, 14 
Elbow 

anatomy, 406,407, 408 
arterial anastomosis aronnd, 375 
arthroeentesis, 408 
disloeation, 408 
injnry, 408 
movements, 408 
radiographie anatomy, 419,420 
relations, 408 
stability, 408 
Elevation, 556 
Ellipsoid joint, 13,14 
Embryology, 33 
Embryonie dise, 33 
Emissary veins, 578, 600 
Emphysema 

subcutaneous, 60, 78 
Empyema, 64 
Endoeardial heart tube, 91 
Endocardium, 82 
Endoehondral ossifieation, 31 
Endoerine glands, in head and neek, 652-661 
Endometrinm, 287 
Endothoraeie faseia, 39,43 
Endotraeheal intnbation 
anatomie axes, 650 
reflex aetivity seeondary to, 651 
Enema, barinm, 298 
Entoderm, 33 
Epieardinm, 79, 82 
Epieranial aponenrosis, 578 
Epidermis, 3, 6 
Epididymides, 333 


Epididymis 

anatomy, 129, 131,151 
blood snpply, 132 
lymph drainage, 130,132,134 
Epigastrie artery 

inferior, 123,128,144, 148 
snperfieial, 438, 461 
snperior, 125 

Epigastrie artery, snperfieial, 438, 461 

Epigastrie hernia, 146 

Epigastrinm, 152 

Epiglottis, 645, 646 

Epimysinm, 8 

Epinephrine, 213 

Epineurium, 700 

Epiphyseal eartilage, 29 

Epiphyseal plates, 32, 707 

Epiphysis, 11,29 

Epiploie foramen, 161, 163 

Episiotomy, 305, 326 

Epispadias, 328, 329 

Epistaxis, 537, 642 

Equinovarus, 525, 526 

Erb-Duchenne palsy, 429 

Ereetile tissne, 327 

Ereetion, after spinal eord injnry, 321 
Esophageal artery, 169, 170 
Esophageal atresia, 75 
Esophageal hemorrhage, 170 
Esophageal hernia, sliding, 50 
Esophageal opening, diaphragm, 46 
Esophageal plexus, 99 
Esophageal variees, bleeding, 170 
Esophagogastrie jnnetion, 170 
Esophagoseope, 100 
Esophagns, 157,158 
anatomy, 157,158 
arteries, 169, 170 
atresia, 186 

bloodsnpply, 100,169, 170 
eareinoma, 101 
eongenital short, 186 
eonstrietions, 101 
eontrast visnalization, 105,107 
development, 186 
fimetion, 170 
lymph drainage, 100,170 
narrow areas, 170 
nerve snpply, 100,170 
relations, 168,170 
stenosis, 186 
veins, 170 
Ethmoid, 530 

Ethmoid sinus, 553, 603, 640, 644 
Ethmoidal nerve 
anterior, 535, 555 
posterior, 555, 608 
Eversion, defined, 3, 507 
Excitor eells, 24 
Expiration 
foreed, 77 

lung ehanges on, 77 
quiet, 77 

Extension, defined, 3, 502, 691 
Extensor earpi radialis brevis, 397t 
Extensor earpi radialis longns, 393t, 397 
Extensor earpi nlnaris, 396, 397t 
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Extensor digiti minimi, 396, 397t, 428 
Extensor digitornm, 397t, 428 
Extensor digitornm brevis, 484t, 498,499, 499t 
Extensor digitornm longns, 484t, 523 
synovial sheath, 498,499 
Extensor expansion 
foot, 498 
hand, 406,407 

Extensor hallneis longns, 484t, 523 
Extensor indieis, 396,428 
Extensor pollieis brevis 
stenosing synovitis, 393 
tendon, 393 

Extensor pollieis longns 
rnptnre, 393 
tendon, 397 

Extensor retinaenlnm, 480, 481,481 -483 
Extensor tendons, long, insertions, 385, 386, 
394, 406 

External, defined, 3 
External anal sphineter, 329 
External anditory meatns, 532, 562 
External earotid artery, 597-598 
External ear, 562, 563 
External genitalia, development, 327-328 
External hemorrhoids, 310, 312 
External iliae artery, 155, 208, 216,218, 249, 256 
External iliae vein, 249, 257 
External intereostal mnsele, 39,40 
External jngnlar vein, 601 
anatomy, 587, 590 
eatheterization, 588, 591 
as venons manometer, 588 
visibility, 588 

External laryngeal nerve, 614, 650, 657 

External meatns, 324 

External nasal braneh, 555 

External nasal nerve, 580, 608 

External oblique muscle, 116,116-118, 124t 

External oeeipital protnberanee, 532, 684, 717 

External os, 285 

External pndendal artery, 438,440, 461 
External pndendal vein, 452 
External sphineter, 306 
External strabismns, 617 
External table, 529 
External nrethral meatns, 316, 332 
External vertebral venons plexus, 695 
Extradural hemorrhage, 543 
Extradural spaee, 700 
Extraperitoneal fat, 124,276 
Extraperitoneal spaee, 163 
Extraperitoneal tissne, 160 
Eye 

aeeommodation, 561 
anatomy, 556-562 
aqueous humor, 560-561 
eardinal positions, 559 
ehoroid, 558 
eiliary body, 558 
eornea, 558 
iris, 558-559 
lens, 561 
pupil, 558-559 
retina, 559-560 
selera, 558 
structure, 558 


suspensory ligament, 558, 560 
tranma, 561 
vitreons body, 561 
Eyeball 

eoats, 558-560 
eontents, 560-561 
extrinsic mnseles, 556, 607 
faseial sheath, 557-558 
intrinsie mnseles, 557, 607 
movements, 556-558 
Eyelashes, 550 
Eyelids 

anatomy, 549-551 
movements, 550, 55 It 
mnseles, 550, 55 It 

F 

Eaee 

anatomy, 579-585 
arterial snpply, 580-581 
bones, 581, 581-582 
development, 583 
faeial nerve, 583 
infeetion, 581 
lymph drainage, 581 
mnseles, 582 

sensory nerves, 579, 579-580 
skin, 579 

venons drainage, 581 
Eaeial artery, 598 
Eaeial bones 
anatomy, 530 
fraetnres, 537 
Eaeial eleft, 584 

Eaeial expression, mnseles, 573t, 577, 579, 582 
Eaeial mnseles 
anatomy, 582 
paralysis, 582 
Eaeial nerve 

anatomy, 612,612 
branehes, 613 
foreeps delivery, 539 
integrity testing, 617 
intrapetrons part, 568 
Eaeial nerve eanal, prominenee, 566 
Eaeial nodes, 603 
Eaeial vein, 600 
Ealeiform ligament, 161,197 
Ealeiform margin, 455 
Ealse pelvis, 241,243 
Ealx eerebelli, 536, 541 
Ealx eerebri, 534, 536 
Easeia, 7, 7 

of Gamper, 115, 312, 315 
Golles’, 115,312,315 
deep, 7 

of Denonvilliers, 276 
infeetion, 7 
Searpas, 115, 314 
snperfieial, 7 

Easeial-spaee infeetion, 405 
Eattylayer, 115 
Eatty pad, 13 
Eelon, 404 

Eemale genital organs 
ovary 

blood snpply, 280 


fimetion, 280 

loeation and deseription, 278,279, 279-280 
lymph drainage, 281 
nerve snpply, 279, 281 
peritonenm, 267, 296-297 
radiographie anatomy, 290, 291, 298, 301 
nterine tube 

blood supply, 284 
function, 284 

loeation and deseription, 278, 279, 284, 
284,284 

lymph drainage, 284 
nerve snpply, 284 
uterus 

after menopause, 288 
blood supply, 279, 284, 287 
in ehild, 288 
fimetion, 285 
in labor, 288 

loeation and deseription, 284, 284-285 
lymph drainage, 287 
nerve snpply, 287 
positions, 284, 285 
in pregnaney, 288 
relations, 267, 279, 285 
structure, 285,287 
supports, 287 
vagina 

blood snpply, 295 
fimetion, 295 

loeation and deseription, 267, 287, 292, 
294-295 

lymph drainage, 295 
nerve snpply, 295 
relations, 294-295 
snpports, 267, 287, 288, 295 
viseeral pelvie faseia, 288, 296 
Eemale genitalia, 327, 327 
Eemale pelvis, 267, 289, 290, 298, 300, 301,331 
Eemale nreter, 278, 278, 279 
Eemale nrethra, 305, 322, 324, 324 
Eemale nrinary bladder, 279 
Eemale nrogenital triangle, 305, 308, 317, 318, 
320-325, 323t, 324, 331,332, 333 
Eemoral artery, 520 

anatomy, 440,456,457, 460,461,461 
anenrysm, 461 
branehes, 461 
eatheterization, 462 
injnry, 524 
oeelnsion, 449 
palpation, 523 
relations, 440,456, 461 
Eemoral eanal, 455, 460, 520 
Eemoral circumflex artery, 464 
Eemoral hernia, 143,145, 145-146,460 
Eemoral nerve, 520 
anatomy, 463 
branehes, 463,463 
injnry, 524 
Eemoral ring, 460 
Eemoral septnm, 460 
Eemoral sheath, 438,455, 460-461 
Eemoral triangle, 438,440,452,456, 457, 519, 
520, 520 

Eemoral vein, 438,440,456,457, 460,462-463, 
520 
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Femur 

anatomy, 439,443 
fractures, 442-443,444 
head 

arterial supply, 451 
blood supply, 442 
ligament, 451,467 
tenderness over, 442 
neek 

angle, 442 
fraetnres, 442 

Fenestra eoehleae, 565, 568 
Fenestra vestibnli, 565, 568 
Fetal head, pressnre, 255 
Fetal heart, normal, 83 
Fetal membranes, 33 
Fetal remnants, right atrinm, 82,82, 83 
Fibroeartilage, 32 
Fibroeystie disease, panereas, 204 
Fibrons eapsnle, 639 
kidney, 207 

Fibrons flexor sheaths, 483,491,494,495 
Fibrons joint, 11 
Fibrons ligament, 13-14 
Fibnla 

anatomy, 470, 471-472,472 
fraetnres, 472 
head, 521,521 
Fifth metatarsal, 475 
Fifth metatarsal bone, 522, 526 
Fifth rib, 37 
Filiform papillae, 624 
Filum terminale, 697 
Finger 

eongenital anomalies, 416-417 
index, movements, 402, 414,414 
insertions of long flexor and extensor 
tendons, 394 
joints, 411-412 
little 

movements, 402, 414,414 
opposition, 400,402,403t 
short mnseles, 389, 392, 400,401,402 
mallet, 406,407 

middle, movements, 402, 414,414 
pulp spaee, 405,405 
ring, movements, 402, 414,414 
trigger, 400 

First eervieal vertebra, 686, 687 

First dorsal metatarsal artery, 498,499 

First intereostal nerve, 41 

First metaearpal base, 426 

First metatarsal, 475 

First rib, 36, 38, 38 

Fixator, mnsele, 8 

Flail ehest, 44 

Flat bone, 30 

Flat foot, 511 

Flexion, defined, 3, 502, 691 
Flexor earpi radialis, 387t, 395,426 
Flexor earpi nlnaris, 387t, 394,426 
Flexor digiti minimi, 403t 
Flexor digiti minimi brevis, 493t 
Flexor digitornm brevis, 493t 
Flexor digitornm longns, 489t, 521 
Flexor digitornm longns tendon, 482,491, 492, 
493t, 494 

Flexor digitornm profimdns, 387t 


Flexor digitornm snperfieialis, 387t, 395,426 
Flexor hallneis brevis, 493t 
Flexor hallneis longns, 489t, 523 
Flexor hallneis longns tendon, 483,491, 493t, 
494,494 

Flexor pollieis brevis, 403t 
Flexor pollieis longns, 387t, 395 
Flexor retinaculum, 383-384, 384, 385, 481,482, 
483, 490 
Flexor sheaths 

fibrous, 491,495,495 
synovial, 483, 495,495 
Flexor tendons 

long, insertions, 394, 400 
tenosynovitis, 399-400 
Floating rib, 36 
Floating thumb, 416,417 
Folia, 548 
Folliele, hair, 3 
Fontanelle 

anterior, 538, 663 
palpation, 538 
posterior, 538, 663 
Foot 

anatomy, 473-476 
anterior aspeet, 523 
anteroposterior radiograph, 517, 518 
arehes 

anatomy, 508, 509 
bones, 504, 508, 509 
elinieal problems, 511 
maintenanee, 509, 509-510, 510 
meehanisms of snpport, 508, 509, 510 
bones, 473, 473-476,474 
club, 512 
dorsum 

artery, 497, 498,499 
dorsal venous areh, 452, 498 
muscles, 498,499, 499t 
nerve snpply, 498-500,499 
skin, 437, 498 
structures, 499 
flat, 509 

as fimetional unit, 508-511 
inversion, 507 
lever, 508-511 

as lever, 504, 508-511, 509, 510 
mnsele attaehments, 474 
posterior aspeet, 523 
propnlsive aetion, 511 
sensory nerve snpply, 437, 498 
sole 

arteries, 483,492,494, 495-496,496,497 

deep faseia, 490,491 

long tendons, 492,494-495 

mnseles, 491-492,492, 493t, 497 

nerves, 483,491,492,494, 496-498,497 

skin, 437, 490,491 

veins, 496 

snrfaee anatomy, 521-523, 522, 523, 526 
snrfaee markings, 522 
as weight bearer, 504, 508-511, 509, 510 
Foot drop, 525, 526 
Foramen cecum, 659 
Foramen laeernm, 532, 535 
Foramen magnnm, 536 
Foramen ovale, 82, 92, 532, 535 
Foramen primnm, 92 


Foramen rotundum, 535 
Foramen secundum, 92 
Foramen spinosnm, 532, 535 
Foramen transversarinm, 686, 707 
Foreeps delivery, 539 
Forearm 

anatomy, 380-394 
anterior snrfaee, 378 
anterior view, 388, 390, 391 
bones, 378-379, 379 
earpal tnnnel, 384 
eompartment syndrome, 382 
cutaneous nerves, 352 
extensor retinaculum, 384, 385, 386 
faseial eompartments 
anterior 

arteries, 371, 386-387, 390 
eontents, 384-391 

mnseles, 386, 387t, 390 391,392, 398 
nerves, 389-391 
lateral 

arteries, 392 
eontents, 391-393 
mnseles, 388, 390, 392, 393t 
nerve snpply, 369,377,390,391,392-393 
skin, 380-394 
posterior 

arteries, 391, 393, 396 
eontents, 393-394 
mnseles, 393, 395, 396 
nerve snpply, 391, 394, 396 
flexor retinaculum, 383-384 
interosseous membrane, 379, 383, 383 
magnetie resonanee imaging, 423 
posterior view, 395, 396 
pronation, 3 
snpination, 3 
Foregnt, 186 
Foregnt arteries, 194 
Foreign body 

anoreetal, 310-311 
inhaled, 66 
Foreskin, 316, 327 
Fossa ovalis, 82, 92 
Fossa terminalis, 305, 320, 321 
Fovea eapitis, 439 
Fovea eentralis, 560 
Fraetnre, 30 

Frenulum, 316, 327, 333 
Frey’s syndrome, 631 
Frontal bone, 530, 532 
Frontal lobe, 545 
Frontal nerve, 555 
anatomy, 555 
branehes, 608 
foreeps delivery and, 539 
integrity testing, 617 
intrapetrons part, branehes, 538 
Frontal sinus, 530 
Frontonasal proeess, 583 
Fnnetional end artery, 16 
Fnngiform papillae, 624,624 

G 

Galeazzi’s fraetnre, 380 
Gallbladder 

anatomy, 157,158 
blood snpply, 193, 200 
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eongenital anomalies, 201, 203 
development, 201 
fnnetion, 199-200 

loeation and deseription, 162,177, 199 
lymph drainage, 200 
nerve snpply, 200 
radiographie anatomy, 236 
relations, 177, 199 
snrfaee markings, 152,153 
Gallstones, 200 
Ganglion impar, 26 
Gangrene of the gallbladder, 200 
Gastrie artery, 169, 172,184,191 
Gastrie pain, 174 
Gastrie nleer, 174 
Gastrievein, 172,195 
Gastrin, 182 

Gastroenemins, 476,487,489t 
Gastrodnodenal artery, 192 
Gastroepiploie artery, 172,191 
Gastroepiploie vein, 172 
Gastroesophageal sphineter, 170 
Gastrointestinal system 
data eoneerning, 720t 
dnplieation, 187 
in head and neek, 621-626 
Gastrointestinal traet 

aeeessory organs, 196-206 
anatomy, 168-196 
anomalies, 190 
bloodsnpply, 197-198 
development, 189-193 
radiographie anatomy, 231-235 
venons drainage, 194-195 
Gastroseopy, 174 
Gastrosplenie omentnm, 162,206 
Gemellns inferior, 447t 
Gemellns snperior, 447t 
Gender, effeets on strnetnre, 32, 33 
Genienlar artery, deseending, 457, 461 
Genienlate body, lateral, 605,607 
Genienlate ganglion, 567 
Genioglossns, 625t 
Geniohyoid, 589t 
Genital fold, 327 
Genital swellings, 327 
Genital tnberele, 327, 327 
Genitalia. See also Female genital organs; 

Male genital organs; LJrogenital triangle 
external, development, 327-328, 

327-329 

Genitofemoral nerve, 222 
femoral braneh, 450 
genital braneh, 129,129 
Genn reenrvatnm, 512 
Germinal epithelinm, 280 
Gigantism, loeal, 416 
Glans 

elitoris, 322, 333 
penis, 315-316, 332 
Glaneoma, 561 
Glenohnmeral ligaments, 364 
Glenoid fossa, 340 
Glenoid labrnm, 364, 365, 366 
Glomernlar arterioles, afferent, 208 
Glossoepiglottie fold 
lateral, 636 
median, 636 


Glossopharyngeal nerve 
anatomy, 613, 614 
integrity testing, 617 
Glottis, 647 
Glneagon, 201 
Glneoeortieoids, 213 
Glnteal artery 

inferior, 445,446, 449 
snperior, 445,446, 449 
Glnteal nerve, 446, 448 
Glnteal region 

anatomy, 436-449, 513 
arteries, 445,446, 449,451 
bones, 436-449 
foramina, 445,446,446 
ligaments, 445,445 
mnseles, 439,445,446, 446-448,447t 
nerves, 437,445,446, 448,449,450 
posterior aspeet, 519 
skin of bnttoek, 436-437,437,438 
strnetnres in, 446 
snrfaee markings, 519 
Glnteal tnberosity, 439 
Glntens maximus 
anatomy, 446 
and bursitis, 448 
injeetions, 448 
Gluteus medius, 447t, 448 
Gluteus minimus, 447t, 448 
Goiter, retrostemal, 658 
Gonads, lymphatie drainage, 221 
Gonoeoeeal arthritis, 15 
Gooseflesh, 4 
Graeile, 547 

Graeile tnberele, 547-548 
Graeilis, 464t 
Grafting skin, 6 
Grannlar pits, 534 
Gray matter, 20 

Gray rami eommnnieantes, 24,223, 

619, 620 

Great auricular nerve, 587 
Great eerebral vein, 548 
Great saphenons vein, 520 
anatomy, 451,463, 522, 523 
in eoronary bypass snrgery, 453 
cutdown, 453,454 
origin, 484 

Greater curvature, 171,186 
Greater oeeipital nerve, 587, 695 
Greater omentnm, 162,166 
Greater palatine foramen, 627 
Greater palatine nerve, 641 
Greater peritoneal sae, 163 
Greater petrosal nerve, 535, 568, 613 
Greater seiatie foramina, 242, 243,439, 

445,446 

Greater seiatie noteh, 439,441 

Greater splanehnie nerve, 25 

Greater troehanter, 439, 513, 519 

Greater tnberosity, 343 

Greater vestibnlar glands, 317, 324, 325, 333 

Greater wing of sphenoid bone, 532 

Groin, great saphenons vein cutdown at, 

453,454 

Gnnshot wounds, abdominal, 147 
Gyneeomastia, 339 
Gyri, 545 


H 

Hair, 3 
Hair bulb, 3 
Hair papilla, 4 
Hallux rigidus, 508 
Hallux valgus, 508 
Hamate bone, 379,426 
Hand 
bones 

anatomy, 379-380, 381 
injnry, 382 

eongenital anomalies, 416-417 
enpping, 414-415 
diseases, 415 

dorsal snrfaee, 385, 386,410 
dorsnm 

dorsal venons areh, 406,427 
long extensor tendon insertion on, 385, 
386, 394, 406 
radial artery on, 396, 406 
sensory innervation, 430 
skin, 369, 405-406 
structures lying on, 427, 428,434 
venons network, 369,427, 434 
as fnnetional unit, 412-415,413,414 
immobilization, 415 
joints, 411-412 
lobster, 416 
making a fist, 415 
ontstretehed, falls on, 411 
palm 

anatomy, 397-405 

anterior view, 385, 392, 399,401 

arteries, 402-403 

earpal tnnnel, 384, 392, 398 

deep faseia, 398 

faseial spaees, 385,404,405 

fibrons flexor sheaths, 398-399, 399 

lymph drainage, 403 

nerves, 404 

sensory innervation, 430 
skin, 384, 385, 397-398 
structures lying in, 392,427, 428 
synovial flexor sheaths, 384, 394, 399 
veins, 403 
positions, 412,413 

radiographie anatomy, 426-428,427,434 
small mnseles, 385, 400,401,402, 402t-403t 
Hangman s fraetnre, 693 
Hard palate, 532, 626,628 
Head. See also Brain; Skull; speeifie anatomy 
anatomy, 529-681 
arteries, 596-600 
eoronal seetion, 530 
lymph drainage, 603-605 
mnseles, 573t-574t 
parasympathetie nervons system, 621 
radiographie anatomy, 662 
sealp, 574-578 

snrfaee landmarks, 662-663, 676 
sympathetie nervons system, 619 
veins, 600-603 

Headaehe, after Inmbar puncture, 705 
Heart 

aetion, 90 

anatomy, 55-56, 56, 79-86 
anterior (sternoeostal) snrfaee, 80,81 
apex, 55, 80 
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Heart (Continued) 
arterial supply, 86-93 
anastomoses, 87 
conducting system, 88 
eoronary arteries, 86-88 
variations, 87 
atrinm 

left, 80, 83-85,84 
openings into, 85 
right 

fetal remnants, 82,82,83 
openings into, 82 
base (posterior snrfaee), 80,81 
borders, 81, 82 
ehambers, 82-85 
eondneting system 

atrioventrienlar bnndle, 85-86 
atrioventrienlar node, 85 
failnre, 86 

internodal eondnetion paths, 86 
sinnatrial node, 85 
eongenital anomalies, 92-93 
development, 91-92 
diaphragmatie snrfaee, 80 
enlargement, 56 
inferior border, 56 
left border, 56 
nerve snpply, 89 
position, 56 
right border, 56 
skeleton, 85 
structure, 85 
superior border, 55 
surface markings, 56, 56 
venons drainage, 89 
ventriele 
left, 84, 85 
right, 82, 83 
Heart murmurs, 91 
Heart tube, 91 
Heart valves 

auscultation, 90-91 
development, 92 
diseases, 91 
position, 67 
snrfaee anatomy, 67, 90 
Hematemesis, 101 
Hemianopia, 617 
Hemiazygos veins, 94 
Hemopneumothorax, 64 
Hemorrhage 

after ineoastal nerve bloek, 43 
esophageal, 170 
intraeranial, 543-544 
sealp, 578 
Hemorrhoids 

external, 310, 312 
internal, 268, 309-310,312 
in pregnaney, 289 
Hepatie artery, 161,163,192 
Hepatie bud, 201 
Hepatie duct, 198 
Hepatopanereatie ampnlla, 199 
Hernia 

abdominal, 143-147,144-146, 166 
diaphragmatie, 56 
epigastrie, 146 
esophageal, sliding, 50, 56 


femoral, 143,145, 145-146,460 
ineisional, 146 
ingninal, 144 
direet, 143,144 
indireet, 143,144 
internal, 147 
irredneible, 460 
linea semilnnaris, 147 
Inmbar, 147 
paraesophageal, 50 
spigelian, 147 
strangnlated, 460 
nmbilieal, 141,146 
Herniation 

brain, after Inmbar puncture, 705 
eervieal dise, 702, 717 
intervertebral dise, 701-702 
Inmbar dise, 702, 703 
nucleus pulposus, 703 
Herpes zoster, 41 
Hiatus semilunaris, 641 
Hieenp, 46 
Hilton’s law, 15 
Hilum, 206 
Hindbrain, 547-548 
Hindgnt, 186 
Hindgnt artery, 194,269 
Hinge joint, 13 
Hip bone, 441 

anatomy, 242, 244, 245,437,439,441,442 
eongenital disloeation, 512, 513 
internal aspeet, 136 
Hip j oint 

anatomy, 451,467, 467-469,468 
anteroposterior radiograph, 514 
arthritis, 442,469 
artienlar snrfaees, 451 
artienlation, 451,467 
eapsnle, 451, 467 
disloeation, 469 
ligaments, 451,467,467 
movements, 468-469 
nerve snpply, 468 
referred pain from, 469 
relations, 467,468, 469 
stability, 469 

synovial membrane, 467, 467-468,468 
type, 467 

Hirsehsprnng disease, 268, 271 
Homonymons hemianopia, 617 
Hook of the hamate bone, 426 
Horizontal fissnre, lung, 55, 70 
Horizontal planes, 3 
Horizontal plates, palatine, 3 
Horner’s syndrome, 621 
Horseshoe kidney, 212 
Hnmeral artery, circumflex, 351 
Humeral head fractures, 343, 344 
Humeral ligament, transverse, 364 
Hnmeral shaft fraetnres, 343, 344 
Humeral-scapular meehanism, 367 
Humerus 

anatomy, 342, 342-343 
fraetnres, 343, 344 

seapnla and, mnseles eonneeting, 349t 
Hyaline eartilage, 32 
Hyaloid eanal, 561 
Hydroeele, 132,132-133 


Hydropneumothorax, 64 
Hymen 

anatomy, 292 
imperforate, 296 
Hyoglossns, 625 
Hyoid bone, 570, 590-591 
Hypertension, portal, 101,195 
Hypogastrie plexus 
inferior, 256 
snperior, 224 

Hypoglossal eanal, 533, 536 
Hypoglossal nerve 
anatomy, 615, 616 
integrity testing, 618 
Hypophyseal arteries, 654 
Hypophysis eerebri 
anatomy, 652, 654 
development, 656 
fimetion, 654 
Hypospadias, 328, 329 
Hypothalamns, 546 
Hypothenar eminenee, 400 
Hypovolemie shoek, 370 
Hystereetomy, nreter damage in, 289 
Hysterosalpingography, 298, 301 

I 

lleoeeeal sphineter, 182 
lleoeeeal valve, 182 
lleoeolie artery, 193 
Ileum 

anatomy, 158,177-180 

arteries, 179,179 

blood snpply, 173, 179,179 

development, 186-187 

loeation and deseription, 177, 177-179 

lymph drainage, 179 

mucous membrane and papillae, 177 

nerve snpply, 179 

pain fibers, 180 

radiographie anatomy, 230, 232 
reeognition, 180 
tranma, 180 
veins, 179 
lliae artery 

eommon, 208, 216, 216 
deep circumflex, 125,218 
external, 155, 208, 216,218 
internal, 216, 218 
obliteration, 219 
snperfieial circumflex, 438, 461 
lliae erest, 151,258, 258, 259, 437,441,684, 
718-719 
lliae spine, 151 

anterior inferior, 437 
anterior snperior, 151,437 
posterior snperior, 151,437 
lliae tnberele, 437 
lliae vein 

external, 257 
internal, 257 

snperfieial circumflex, 452 
lliaea faseia, 137 
Iliacus, 137,137t 
Iliococcygeus, 248 
lliohypogastrie nerve, 221,223t 
Ilioinguinal nerve, 221,223t, 451 
Iliolnmbar artery, 257 
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Iliolumbar ligament, 258 
lliopeetineal line, 135 
lliopsoas, 137 

lliotibial traet, 437,439,440, 455,455,456 

llium, 135,136, 437 

llliofemoral ligament, 467,467 

Imperforate anus, 312 

Imperforate hymen, 296 

Imperforate vagina, 296 

ineisional hernia, 146 

ineisions, abdominal wall, 114,147-148 

ineisive eanal, 570 

ineisive foramen, 629 

ineisive fossa, 532 

ineisnra angnlaris, 171 

ineontinenee 

after spinal eord injnry, 311 
after tranma, 311 
reetal prolapse and, 311 
stress, 252,279 
lncus, 566 

lndex finger, movements, 414 
Infantile uterus, 291 
Inferior, defined, 3 

Inferior aeromioelavienlar ligament, 364 
Inferior alveolar nerve, 610,611 
Inferior angle, 53 

Inferior eerebellar pednneles, 547, 548 

Inferior eervieal ganglion, 620-621 

Inferior eollienli, 547 

Inferior eonehae, 530 

Inferior eonstrietor mnsele, 634 

Inferior epigastrie artery, 125 

Inferior extensor retinaculum, 480,481,481 -483 

Inferior forniees, 550 

Inferior gemellns, 256t, 447t 

Inferior glnteal artery, 249,256t, 257,445,446,449 

Inferior glnteal nerve, 254t, 448 

Inferior hemiazygos vein, 94 

Inferior hypogastrie plexuses, 256 

Inferior iliae spine, posterior, 437,439 

Inferior labial artery, 580 

Inferior lobar bronehns, 65 

Inferior meatns, 641 

Inferior mediastinnm, 59 

Inferior mednllary vela, 548 

Inferior mesenterie artery, 184, 194 

Inferior mesenterie plexus, 224 

Inferior mesenterie vein, 195, 219 

Inferior oblique, 55 It, 556, 557 

Inferior oblique muscles, 556 

Inferior ophthalmie vein, 555 

Inferior orbital fissnre, 532, 553 

Inferior panereatieodnodenal artery, 193 

Inferior parathyroid glands, 660 

Inferior pelvie wall, 247 

Inferior peroneal retinaculum, 481,483 

Inferior petrosal sinus, 536 

Inferior ramus, 555 

Inferior reetal artery, 265 

Inferior reetal nerve, 304, 309 

Inferior reetal vein, 265 

Inferior reetns, 556 

Inferior sagittal sinus, 544 

Inferior salivary nucleus, 621 

Inferior temporal lines, 532 

Inferior thyroid artery, 600 

Inferior thyroid veins, 676 


Inferior transverse ligament, 505 
Inferior ulnar eollateral artery, 378 
Inferior vena eava, 82-85, 94 
anatomy, 218-219 
eollateral eirenlation, 221 
eompression, 219 
loeation and deseription, 217, 218 
obstrnetion, 126 
tranma, 219 
tribntaries, 218-219 
Inferior vertebral noteh, 684 
Inferior vesieal artery, 256 
infraelavienlar nodes, 357,403 
Infraorbital foramen, 530 
Infraorbital groove and eanal, 553 
Infraorbital nerve, 580, 676 
Infrapatellar bursa, 501 
Infrapatellar fold, 501 
Infraspinatns, 349t 
Infraspinons fossa, 340 
Infratemporal erest, 532 
Infratemporal fossa, 532 
Infratemporal region, 575, 611 
infratroehlear nerves, 555 
lnfundibulum, 92, 284, 546 
lnguinal eanal 
anatomy, 127 

development, 130,130, 131 
fimetion, 128 
meehanies, 128,128 
walls, 127-128 
Ingninal hernia 
direet, 143,144 
indireet, 143,144 
Ingninal ligament, 116,151, 513 
Ingninal lymph nodes 
deep, 454,455, 463 
snperfieial, 438, 454,460 
Ingninal region, 128,150, 513, 520 
Ingninal ring, snperfieial, 116,127,151 
Inhaled foreign body, 66 
Inner eell mass, 33 
Inner nervons layer, 559 
Insertion, mnsele, 7 
inspeetion, ehest, 53 
Inspiration 
foreed, 77 

lung ehanges on, 77 
mnsele, 45 
quiet, 76-77, 77 
lnsulin, 201 

lnte-osseous saeroiliae ligaments, 258 
interearpal joint, 411-412 
intereondylar areas, 470 
intereondylar eminenee, 470,470 
intereondylar noteh, 439 
intereostal arteries 

anterior, 40, 41,42, 46 
posterior, 40, 41,42 
postoperative, 97 
snperior, 600 
intereostal membrane 
anterior, 39,40 
posterior, 39,40 
intereostal mnsele, 39,40 
aetion, 40 

dnring expiration, 77 
external, 39,40 


innermost, 39-40,40 
dnring inspiration, 76 
internal, 39,40 
nerve snpply, 40, 40-41 
intereostal nerve 

anatomy, 40, 41-43,42 
anterior cutaneous braneh, 41 
branehes, 41-43 
eollateral braneh, 41 
first,41 

lateral cutaneous braneh, 41 
muscular branehes, 41 
peritoneal sensory branehes, 41 
plenral sensory branehes, 41 
seeond, 42 

intereostal nerve bloek, 43 
intereostal nodes, posterior, 98 
intereostal veins, 40, 41,42 
posterior, 41,42 

intereostobraehial nerve, 42, 367, 369 
intereristal plane, 152 
interenneiform joint, 508 
Interlobar arteries, 208 
lntermaxillary suture, 530 
Intermediate cutaneous nerve of thigh, 437, 
451,463 

Intermediate mesoderm, 33, 707 
Intermediate mnseles, 693 
Intermediate supraclavicular nerve, 587 
Intermediate suture, 530 
intermetaearpal joint, 412 
Intermetatarsal joint, 508 
Intermittent elandieation, 524 
Internal, defined, 3 
Internal aeonstie meatns, 536 
Internal earotid artery, 598 
arteriography, 668, 670 
arterioselerosis, 599 
Internal earotid nerve, 619 
Internal eerebral veins, 548 
Internal ear, 568-569 
Internal hemorrhoids, 309-310, 312 
Internal hernia, 147 
Internal iliae artery, 216, 218, 249, 256 
Internal iliae vein, 249, 257 
Internal intereostal mnsele, 39,40 
Internal jugular vein, 536, 601,602 
anatomy, 579,601 
eatheterization, 601 
penetrating wounds, 601 
Internal oblique muscle, 117,118-119, 

120,124t 

Internal oeeipital erest, 536 
Internal oeeipital protnberanee, 536 
Internal os, 285 

Internal pndendal artery, 249, 257, 309, 

317, 320 

Internal pndendal vein, 309 
Internal pndendal vessels, 323 
Internal sphineter, 306 
Internal table, 529 

Internal thoraeie artery, 40,42, 46, 50, 600 

Internal thoraeie nodes, 98 

Internal thoraeie vein, 46 

Internal thoraeie vessels, 57 

Internal vertebral venons plexus, 695,696 

Internodal eondnetion paths, 86 

Internodal pathway, 86, 86 
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Interosseous artery 
anterior, 388, 391 
eommon, 388, 391 
posterior, 388, 391 
Interosseous ligament, 505 
Interosseons membrane, 479,480, 505 
Interosseons membrane, forearm, 379, 

383, 383 

Interosseons mnseles 
dorsal, 402t 
palmar, 402t 
plantar, 493t 

Interosseons nerve, anterior, 380 
Interosseons saeroiliae ligament, 258 
Interosseons taloealeaneal ligament, 475, 505, 
507 

Interphalangeal joint, 409, 412, 508 
Intersigmoid reeess, 163,164 
Interspinons ligament, 689, 690 
Intertransverse ligaments, 689, 690 
intertroehanterie erest, 439 
intertroehanterie line, 439 
Intertubercular plane, 152 
internreterie ridge, 272 
interventrienlar artery, posterior, 88 
interventrienlar foramen, 92, 546, 548 
Intervertebral dise, 135, 683 
herniation, 701-702 
structure and fimetion, 689, 689-690 
Intervertebral foramina, 684,689, 702 
Intervertebral veins, 695 
Intestinal traet. See Gastrointestinal traet 
Intestine 

atresia and stenosis, 187 
large 

anatomy, 158, 158-159,159 
eaneer, 185 

distal part, development, 268-269 
radiographie anatomy, 232, 234-235, 235 
small 

anatomy, 158,158, 159,172-179 
development, 186 
versus large intestine, 196 
mesentery, 162,177,180 
pain fibers, 180 

radiographie anatomy, 230, 232 
reeognition, 180 
tranma, 180 

intraartienlar ligament, 38 
intraeranial hemorrhage, 543-544 
intraembryonie eoelom, 33 
Intravenons transfiision, 370 
Intnbation 
endotraeheal 

airway distanees, 656t 
anatomie axes, 650,652 
reflex aetivity seeondary to, 651 
nasogastrie, 175 
Intussusception, 185 
Inversion, 507 
defined, 3 
of foot, 485 
Ipsilateral, defined, 3 
Iris 

anatomy, 558-559 
dilator pnpillae of, 557 
sphineter pnpillae of, 55 It 


irredneible hernia, 460 
isehial spine, 439 

isehial tnberosity, 243, 304, 329, 439, 513, 519 

isehioeavernosns, 315, 323t 

isehioeavernosns mnsele, 318, 319, 322, 322 

isehiofemoral ligament, 467,467 

isehioreetal fossa, 309, 311 

isehinm, 439 

Islets of Langerhans, 201 

Isolated eleft lip, 584 

J 

Jefferson s fraetnre, 692 
Jejunum 

anatomy, 158,177-180 

arteries, 179,179 

blood snpply, 173, 179,179 

development, 186-187 

loeation and deseription, 177, 177-179 

lymph drainage, 179 

nerve snpply, 179 

pain fibers, 180 

radiographie anatomy, 230, 232 
reeognition, 180 
tranma, 180 
veins, 179 

Joint, 11-15,12,13,14 
ball-and-soeket, 13 
eartilaginons, 11-12 
defined, 3 
ellipsoid, 13 
examination, 15 
fibrons, 11,12 
hinge, 13 
nerve snpply, 15 
pivot, 13 
plane, 13 
saddle, 13 
stability, 13-16 
synovial, 12, 12-13 
Jugular areh, 590, 676 
Jugular foramen, 533, 536 
Jugular lymph trunk, 99 
Jugular vein 

anterior, 590, 590, 601 
external, 601 

anatomy, 587, 590 
eatheterization, 588, 591 
as venons manometer, 588 
visibility, 588 
internal, 601,602 
anatomy, 601 
eatheterization, 601 
penetrating wounds, 601 
Jugulodigastric node, 604 
Juguloomohyoid node, 604 

K 

Kidney 

anatomy, 159, 160 

blood snpply, 208, 209, 210 

eoverings, 207 

development, 212-213 

horseshoe, 212, 214 

loeation and deseription, 206-207 

lymph drainage, 209 

mobility, 210 


nerve snpply, 209 
pelvie, 212 
polyeystie, 212 
radiographie anatomy, 235 
relations, 208 
rossette, 213 
structure, 207-208, 209 
surface markings, 153,154 
transplantation, 210 
tranma, 210 
tnmors, 210 
nnilateral donble, 213 
Klllian’s dehiseenee, 634 
Klnmpke palsy, 429 
Knee jerk, 23, 524 
Knee joint 

anatomy, 471, 500-504, 501,520-521, 521, 
522 

anterior aspeet, 521 
anteroposterior radiograph, 514 
arterial anastomosis aronnd, 479 
arthroseopy, 503 
artienlation, 470, 500 
bnrsae related to, 470, 501, 501 
eapsnle, 470, 500 
hyperextension, 512 
injnry, 502-503 
lateral radiograph, 515 
ligaments 

extracapsular, 470, 500, 501 
injury, 502-503 
intracapsular, 470, 500, 501 
magnetie resonanee imaging, 518 
medial menisens, 504 
meniseal injnry, 503, 503, 504 
movements, 501,502 
nerve snpply, 501 
pnenmoarthrography, 503, 516 
relations, 501,502 
stabilizer, 459 
strength, 502 

synovial membrane, 470, 500-501, 501,502 
transverse proton density, 518 
type, 500 
Kyphosis, 50, 691 

L 

Labia majora, 134, 324, 327, 332, 333 

Labia minora, 324, 327, 332, 333 

Labial artery, 580 

Labial frennla, 622 

Labiogingival lamina, 583 

Labor, uterus in, 288 

Labyrinth 

bony, 565, 568-569 
membranons, 565, 569 
Labyrinthitis, 568 
Laerimal apparatns, 551-552 
Laerimal artery, 555 
Laerimal ducts, 551-552 
Laerimal fold, 552 
Laerimal gland, 551 
Laerimal nerve, 554-555 
Laerimal nucleus, 551 
Laerimal sae, 551 
Laerimatory nucleus, 621 
Lacus laerimalis, 550, 551 
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Lambdoid suture, 532 
Lamina eribrosa, 558 
Lamina propria, 27 
Laminae, 683 
Langerhans, islets of, 201 
Large intestine 

anatomy, 158,158,159, 180-184 
eaneer, 185 

distal part, development, 268-269 
radiographie anatomy, 234-235, 235 
Larvngeal pharynx, 637 
Laryngeal folds, 647 

Laryngeal inlet, mnseles modifying, 647, 648t 
Laryngeal mirror, 650 
Laryngeal nerve 

external, 614, 650, 657 
internal, 614 
lesions, 650 
reenrrent, 99 
Laryngeal nodes, 604 
Laryngoseope, 650,652 
Laryngotraeheal groove, 74 
Laryngotraeheal tube, 74 
Larynx, 75 

anatomy, 644-649 
eartilages, 645-646 
eavity, 647 
inlet, 647 

ligaments, 646-647 
lymph drainage, 649 
membranes, 646-647 
mucous membrane, 649 
mnseles, 647-648 
nerve snpply, 649,649 
saeenle, 647 
sinus, 647 

sphineterie fnnetion, 648 
voiee prodnetion, 648 
Lateral angles, 549 
Lateral aortie lymph nodes, 220 
Lateral arenate ligament, 44,136 
Lateral axillary nodes, 357, 358 
Lateral eheek ligaments, 557 
Lateral chewing movements, 573 
Lateral eollateral ligament, 470, 500,501,502,520 
Lateral eompression fraetnre, 692 
Lateral eondyle, 437,443, 470 
Lateral erieoarytenoid mnsele, 648 
Lateral cutaneous nerve 
of arm, 377 
ofcalf,437, 481,487 
of forearm, 398 
of thigh, 221,437, 450 
Lateral epieondyle, 343,439,443 
Lateral femoral circumflex artery, 440, 464 
Lateral flexion, 691 
Lateral flexion, defined, 3 
Lateral genienlate body, 605 
Lateral glossoepiglottie fold, 636 
Lateral laennae, 534 
Lateral ligament, 408,411, 506 
Lateral lingnal swelling, 625 
Lateral longitndinal areh 
anatomy, 508, 509 
maintenanee, 509, 510, 510 
Lateral malleolns, 483, 521, 522 
structures passing behind, 483 


Lateral menisens, 470 
Lateral mesoderm, 33, 707 
Lateral nasal artery, 581 
Lateral nasal proeess, 583 
Lateral palpebral ligament, 550 
Lateral peetoral nerve, 352 
Lateral plane, 2 

Lateral plantar artery, 483, 488,492,494, 
495-496,496,497 

Lateral plantar nerve, 494,497, 497-498 
Lateral plantar veins, 496 
Lateral proboseis, 643,643 
Lateral pterygoid mnsele, 611 
Lateral pterygoid plate, 532 
Lateral reetns, 556 
Lateral rotation, 502 
Lateral rotation, defined, 3 
Lateral saeral arteries, 257 
Lateral sulcus, 545,673 
Lateral supraclavicular nerve, 587 
Lateral snpraeondylar ridge, 439,443 
Lateral taloealeaneal ligaments, 507 
Lateral tarsal artery, 498,499 
Lateral temporomandibnlar ligament, 571 
Lateral thoraeie artery, 350, 351 
Lateral ventriele, 546, 548 
Latissimns dorsi, 349t 
Left dominanee, posterior interventrienlar 
artery, 87 

Legs. See also Ankle; Foot 

anterior and lateral aspeets, structures, 480, 
482 

arterial occlusive disease, 524 
baek, 487-490 

bones, 470, 470-472,471,472 
cutaneous nerves, 481 
deep vein thrombosis, 489 
faseial eompartments, 479-481,480-483 
anterior 

artery, 477,482, 485 
eompartment syndrome, 486 
eontents, 477,480,481,481-486,482, 
483, 484t 

mnseles, 480,481,481-485,482,483, 
484t 

nerve snpply, 480, 485 
lateral 

artery, 486 

eontents, 480-483, 486-487,486t 
mnseles, 480-483, 486,486t 
nerve, 480-482, 486,487 
posterior 

artery, 476,477,480, 483,488 
mnseles, 480, 487-488,488 
nerve, 450,478,483,488, 489-490 
front, 481-487,522 
lymphaties, 438, 454,481 
oeelnsive arterial disease, 524 
posterior aspeet, deep structures, 478 
skin, 481 

snperfieial veins, 481,484 
sympathetie innervation, 524 
transverse seetion throngh, 480 
Lens fibers, 561 
Leser petrosal nerve, 535 
Lesser curvature, 171 
Lesser oeeipital nerve, 587 


Lesser omentnm, 162,166 
Lesser palatine foramen, 532 
Lesser palatine nerve, 610 
Lesser petrosal nerve, 535, 568 
Lessersae, 160,160,161, 162-163,163, 187 
Lesser seiatie foramina, 242,243,439,445, 446 
Lesser seiatie noteh, 439 
Lesser splanehnie nerve, 25 
Lesser troehanter, 439 
Lesser tnberosity, 343 
Lesser wing of sphenoid bone, 535 
Levator angnli oris, 573t 
Levator ani mnsele, 247-248, 250, 270 
Levator glandnlae thyroideae, 657 
Levator labii snperioris, 573t 
Levator labii snperioris alaeque nasi, 573t 
Levator palpebrae snperioris mnsele, 550 
Levator prostatae, 247 
Levator seapnlae, 349t 
Levator veli palatini, 630t 
Levatores eostarnm, 46-47 
dnring inspiration, 77 
Ligament, 15 
elastie, 14 
fibrons, 13-14 
injnry, 15 
joint, 13-14 
Ligament of Treitz, 186 
Ligamentnm arteriosnm, 98 
Ligamentnm denticulatum, 704 
Ligamentum flavum, 689, 690 
Ligamentum nuchae, 425,689, 690, 717 
Ligamentum patellae, 459,470, 500, 520, 521 
Ligamentum teres, 197 
Ligamentum venosum, 197 
Light reflex, 562 
Linea alba, 123,151 
Linea aspera, 439 
Linea semilnnaris, 147 
Lines of eleavage, 114 
Lingnal artery, 598 
Lingnal nerve, 610 
Lingnal swelling, lateral, 625 
Lingnal thyroid, 660 
Lingnal tonsil, 624 
Lingnla, 570 
Lip 

anatomy, 621-622, 622 
eleft, 583-584, 585, 586 
development, 583 
dilator mnseles, 573t, 582 
sphineter mnsele, 582 
Little finger 

movements, 402, 414,414 
opposition, 400,402,403t 
short mnseles, 389, 392, 400,401,402 
Liver 

anatomy, 157,158, 196-201 
biliary duct, 198-201 
biopsy, 198 

bloodsupply, 197-198 
eaneer, 196 
development, 201 

loeation and deseription, 162, 196-197 
lymph drainage, 198 
nerve snpply, 198 
peritoneal ligaments, 197 
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Liver (Continued) 
relations, 197 
snrfaee markings, 152 
tranma, 198 
Liverbiopsy, 198 
Liver lobnle, 197 
Liver sinnsoid, 201 
Liver snpports, 198 
Liver snrgery, 198 
Liver tranma, 198 
Lobar arteries, 208 
Lobar bronehns, 65 
Lobster hand, 416 
Long bone, 29 
Long eiliary nerves, 555 

Long extensor tendons, insertions, 385, 386, 394, 
406,498,499 

Long flexor tendons, insertions, 394, 400 
Long plantar ligament, 496,497, 507 
Long thoraeie nerve, 342, 352,429-430 
Longitndinal areh 
lateral 

anatomy, 508 
maintenanee, 509-511 
medial 

anatomy, 508 
elinieal problems, 511 
maintenanee, 509 
Longitndinal fissnre, 544 
Longitndinal ligament, 688, 689, 690 
Lordosis, 691 

Lonis, angle of, 35, 36, 50,418,423 
Lower limb. See also speeifie anatomy 
anatomy, 436-526 
arterial oeelnsive disease, 524 
arteries, 438,461,523-524 
bnrsae and bnrsitis, 511 
eollateral eirenlation, 524 
entaneons nerves, 436,437 
development, 512, 513 
joints, 500-508 
lymphaties, 437,438, 454 
nerves, 524-525 
organization, 436-526 
radiographie anatomy, 512, 514-518 
snperfieial veins, 451-452,452 
snrfaee anatomy, 512-523, 526 
tendon reflexes, 524 
veins, 453 
venons pnmp, 453 
Lower lobe, Inng, 71 
Lower snbseapnlar nerve, 354t 
Lowest splanehnie nerve, 25 
Ludwig s angina, 595 
Lumbar dise herniation, 702 
Lnmbar enlargement, 697 
Lnmbar hernia, 147 
Lnmbar nerves, 20 
Lnmbar plexus, 21, 255 
anatomy, 221-222, 223 
branehes, 254, 255, 255 
Lnmbar puncture, 704-705, 706, 718 
Lumbar sympatheetomy, 224, 524 
Lumbar triangle, 695 

Lnmbar vertebra, 135,135, 712-716, 717, 718 
anatomy, 685, 687 
Lnmbosaeral angle, 719 


Lnmbosaeral root syndromes, 703t 
Lnmbosaeral trunk, 254, 255 
Lnmbrieal eanal, 404 
Lnmbrieals, 402t, 493t 
Lnnate bone, 382 
Lung 

age related ehanges, 50 
anatomy, 54, 54-55, 55, 70 
anterior border, 54, 70 
apex, 54 

blood snpply, 68, 73 

bronehopnlmonary segments, 71-72, 72, 73 
eaneer, 78 

eongenital anomalies, 75 
eostal snrfaee, 70 
development, 61, 74-75 
fissnres, 70-71 
hilum, 70 

horizontal fissnre, 55 
lateral snrfaees, 71 
lobes, 70-71 
lower border, 54 
mediastinal snrfaee, 70 
nerve snpply, 74 
oblique fissure, 54-55 
physieal examination, 78 
posterior border, 54, 55 
respiration. See Respiration 
root, 62, 70, 72 
segmental reseetion, 78 
snrfaee markings, 54, 54 
snrgieal aeeess, 78 
tranma, 78 
Lung bud, 75 
Lung disease, pain, 78 
Lung distensibility, loss, 78 
Lung elastieity, loss, 78 
Lymph, 19 
Lymph eapillary, 19 
Lymph node, 19 
axillary 

anatomy, 356-357, 357 
examination, 358 
eervieal 

anterior, 604 
deep, 579, 586, 604 
examination, 605 
metastasis, 605 
regional, 603-604 
snperfieial, 579, 590 
ingninal 

deep, 454,455, 463 
snperfieial, 438, 454,460 
parotid, 603 
popliteal, 479 
preaortie, 220 
regional, skin and, 127 
submandibular nodes, 603 
snpratroehlear, 378, 382 
Lymphadenitis, 371 
Lymphangitis, 371 
Lymphatie duct, right, 19, 99 
Lymphatie system 
anatomy, 18-20,19 
disease, 20 
Lymphatie tissne, 18 
Lymphatie vessels, 18 


M 

Maerodaetyly, 416,417 
Maeromastia, 339 
Maerostomia, 584 
Maenla lutea, 560 
Magnetie resonanee imaging 
brain, 662,673-675 
forearm, 423 
head, 662 
knee joint, 518 
lower limb, 512, 518 
skull, 529-539 
upper limb, 418,423 
vertebral column, 717,717 
Male genital organs 

ejaenlatory duct, 275, 276 
peritoneum, 266, 278 
prostate 

blood supply, 277 
fimetion, 277 

loeation and deseription, 266, 275-276,276 
lymph drainage, 277 
nerve snpply, 277 
relations, 266, 275-276, 276 
structure, 276, 276-277 
prostatie urethra, 276, 278 
seminal vesieles, 272,273, 275 
vas deferens, 271,275 
viseeral pelvie faseia, 276, 278 
Male genitalia, 327, 328 
Male pelvis, 266, 297, 299, 331 
Male nreter, 269,271, 271 
Male nrethra, 305, 317, 318, 320 
Male nrinary bladder, 271-273,275 
Male nrogenital triangle, 305, 315, 315-316, 
316-318,319-320, 329,333 
Malleolar fold, 566 
Malleolar fossa, 471 
Malleolns 

lateral, 481,483, 490, 521, 522 
medial, 471,481,483,484, 490, 521, 522 
Mallet finger, 406 
Mallens, 566 
Mammary gland, 52, 57 
Mammillary bodies, 546 
Mammography, 338, 340 
Mandible, 532 

anatomy, 569-574 

angle, 538, 569, 579, 587, 596, 618, 639, 679 
at birth, 538 

body, 569, 581, 583, 585, 596, 631, 676 
depression, 572 
elevation, 572 
fraetnres, 570 
protrnsion, 572, 573 
ramus, 569, 574, 630, 663 
retraetion, 572, 573 
Mandibnlar eanal, 570 
Mandibnlar foramen, 569 
Mandibnlar fossa, 532 
Mandibnlar nerve, 535, 580, 610, 630t 
Mandibnlar noteh, 569 
Mandibnlar proeesses, 583-584 
Mannbriosternal joint, 35, 38 
Manubrium, 35 
Marginal artery, 194 
Marrow, bone, 29, 31 
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Marrow eavity, 29 

Masseter, 569, 572, 574t, 580, 598, 610, 617, 630, 
663, 676 

Masseterie nerve, 573, 610 

Mastieation mnseles, 537, 573, 574t, 598, 606t 

Mastoid air eells, 567 

Mastoid antrnm, 562, 567 

Mastoid proeess, 532, 663 

Maxilla 

blowout fracture, 538 
palatal proeesses, 629 
Maxillary artery, 598 

Maxillary nerve, 580, 608-610, 622, 637, 639 

Maxillary proeesses, 583 

Maxillary sinus, 530 

Maxillary vein, 600 

Maxillofacial fraetnres, 537, 538 

MeBnrney’s ineision, 148 

Meatal stenosis, 328 

Meatns, 640-641 

Meekel’s diverticulum, 141,180,187 
Meconium, 269 
Medial angles, 549 
Medial arenate ligament, 44,136 
Medial eheek ligaments, 557 
Medial eollateral ligament, 470, 500, 501,502, 
520 

Medial eondyle, 439,443, 470 
Medial cutaneous nerve 
of arm, 352 
of forearm, 352 
of thigh, 437, 451,463 
Medial epieondyle, 343,439,443 
Medial femoral circumflex artery, 462, 464 
Medial ligament, 408,411 
Medial longitndinal areh, 484, 508, 509 
anatomy, 508, 509 
elinieal problems, 509 
maintenanee, 509, 510 

Medial malleolns, 471,481,483,484, 490, 521, 
522 

Medial menisens, 470, 500, 501 
Medial nasal proeess, 583-584, 628, 642-643 
Medial palpebral ligament, 550 
Medial peetoral nerve, 352 
Medial plane, defined, 2, 2 
Medial plantar artery, 483, 488,492, 495 
Medial plantar nerve, 483,491,492, 496-497 
Medial plantar veins, 496 
Medial pterygoid mnsele, 610 
nerve to, 610 

Medial pterygoid plates, 532 
Medial reetns, 556 
Medial rotation, 502 
Medial rotation, defined, 3 
Medial supraclavicular nerve, 587 
Medial snpraeondylar ridge, 439,443 
Medial taloealeaneal ligaments, 507 
Median enbital vein, 382,434 
Median fissnre, 547 
Median glossoepiglottie fold, 636 
Median nasal furrow, 643 
Median nerve 

anatomy, 355, 375, 389,404,431-432 
branehes, 355 
cutaneous branehes, 404 
injnry 


at elbow, 432,432 
at wrist, 432 
lateral root, 352 
medial root, 353 
muscular braneh, 404 
palmar cutaneous braneh, 394 
reenrrent braneh, 392, 428 
Median nerve palsy, 432 
Median saeral artery, 254, 257 
Median saeral erest, 717 
Median saeral veins, 257 
Median sagittal plane, 2, 2 
Median thyrohyoid membrane, 646 
Median nmbilieal ligament, 271,280 
Mediastinal artery, 46 
Mediastinal plenra, 62 
Mediastinal tnmors or eysts, 60 
Mediastinitis, 60 
Mediastinoseopy, 60 

Mediastinnm, 35, 98, 596, 603,651, 659-662 
anatomy, 59-61, 60, 61 
anterior, 59 
ehest eavity, 59, 61 
defleetion, 60 
inferior, 59 

lymph drainage, 658, 661 
middle, 59 
posterior, 59 
snbdivisions, 61 
snperior, 59 
Mednlla 

renal, 207-208 
snprarenal glands, 213 
Mednlla oblongata, 536, 547 
Mednllary rays, 207 
Mednllary vela, 548 
Megaeolon, 269, 271 
Megalonreter, 213 
Membrana teetoria, 689 
Membranons labyrinth, 569 
Membranons ossifieation, 31 
Membranons nrethra, 317, 320 
Meningeal vessel, middle, 534, 535, 598 
Meninges 

eranial, 529, 534 

spinal eord, 691,696, 697, 699-706, 700, 701, 
704 

Meningoeele, 710 
Meningomyeloeele, 709, 710 
Menisens 

anatomy, 470 
injnry, 503 

Menopanse, uterus after, 288 
Mental foramen, 570 
Mental nerve, 580 
Mental spines, 569 
Mentalis, 582 

Mesenterie arterial oeelnsion, 180 
Mesenterie artery 
inferior, 194 

snperior, 172,175,177-186,186,187,192-193 
Mesenterie plexus, 179,182,183,184,225,255 
Mesenterie vein 
inferior, 195,219 
snperior, 195,219 
thrombosis, 180 
Mesenteries, 161, 162,164 


Mesoappendix, 182 
Mesoeolon 

sigmoid, 162, 263 
transverse, 162 
Mesoderm, 33 
Mesonephrie duct, 280 
Mesonephros, 212 
Mesosalpinx, 297 
Mesotendon, 15 
Mesovarinm, 279 
Metaearpals 
anatomy, 380 
first, base, 426 
fraetnres, 382 

Metaearpophalangeal joint, 412 
Metanephrogenie eap, 212 
Metanephros, 212 
Metaphysis, 29, 31 

Metatarsal artery, first dorsal, 498,499 
Metatarsal bones, 474, 475,476 
Metatarsophalangeal joint, 508 
Metatarsns varus, 512 
Metopie suture, 532 
Mieromastia, 339 
Mierostomia, 584 
Micturition, 273, 273, 275 

after spinal eord injnry, 274, 275 
Midaxillary line, 54 
Midbrain, 546-547 
Midelavienlar line, 54 
Middle eardiae braneh, 620 
Middle eardiae vein, 89 
Middle eerebellar pednneles, 548 
Middle eerebral artery, 599 
Middle eervieal ganglion, 620 
Middle eolie artery, 193 
Middle eonehae, 530 
Middle eonstrietor mnsele, 634, 635t 
Middle eranial fossa, 535-536 
Middle ear, 562-566 
Middle ethmoidal air sinus, 641 
Middle finger, movements, 402, 414,414 
Middle internodal pathway, 86 
Middle lobar bronehns, 65 
Middle lobe, lung, 70-73 
Middle meatns, 641 
Middle mediastinnm, 59 
Middle meningeal artery, 532, 598 
Middle meningeal vein, 532 
Middle meningeal vessels, 534 
Middle reetal artery, 257 
Middle reetal vein, 265 
Middle snperior alveolar nerve, 610 
Midgnt, 186 
Midgnt artery, 194 
Midgnt loop 

arrested rotation or malrotation, 187 
formation, 193 
Midline ineision, 147-148 
Midline structures 
baek, 719 
neek, 653 

Midpalmar spaee, 404 
Midsternal line, 54 
Midtarsal joints, 507 
Milk ridge, 339 
Mineral eortieoids, 213 
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Mitral valve, 91 
Moderator band, 85 
Modiolns, 569 
Mons pnbis, 324, 331, 333 
Monteggia’s fraetnre, 380 
Motor area, 543, 545, 599-599 
Motor fibers, 20 
Motor speeeh area, 546 
Month 

anatomy, 621-622, 621-623 
eavity, 621 
development, 623 

examination, elinieal signifieanee, 623 
floor, 622 

lips, 621-622,621-622 
month eavity, 622 
mneons membrane, 622 
roof, 622 

sensory innervation, 622-623, 623 
teeth, 623 
tongne, 621 
vestibnle, 622 

Movement, terms related to, 3, 5 
Mneosal folds, reetnm, 268 
Mneons membrane, 27 
anal eanal, 304, 305, 307 
dnodennm, 177, 200 
inflammation and, 27 
larynx, 637, 679 
month, 622 
nasal eavity, 637, 641 
soft palate, 626 
tongne, 624,624 
Miiller mnsele, 554 
Mnltipennate mnsele, 8 
Mnrmnrs, heart, 91 
Mnsele 

anatomy, 8-9, 9 
attaehments, 9 
eardiae, 10-11 
attaehments, 9 
pennate, 8 

segmental innervation, 23 
shape and form, 9 
skeletal 

aetion, 8-9,10 
anatomy, 7-10 
internal strnetnre, 8, 9 
naming, 9,1 It 
nerve snpply, 9 
smooth, 10 
tone, 9, 14 

Mnsele of Miiller, 554 
Mnsele splitting ineision, 148 
Mnsenlar branehes, 555 
Mnsenlar triangles 
baek, 695 

Mnsenlar triangles, neek, 596 
Mnsenlaris mneosa, 27 
Mnsenli peetinati, 82 

Mnsenloentaneons nerve, 352, 369, 372, 374 
branehes, 355 
injnry, 431 

Mnsenlophrenie artery, 46 
Mnsenlns nvnlae, 626, 636t 
Myeloeele, 709 

Myelography, snbaraehnoid spaee, 710, 714, 715 


Mylohyoid, 589t 
Mylohyoid line, 569 
Mylohyoid nerve, 589 
Myoeardial infaretion, 89 
Myoeardinm, 82, 91 
Myometrinm, 287 
Myotome, 707 

N 

Nail, 3 
Nail bed, 3 
Nail fold, 3 
Nasal apertnre 
anterior, 530 
posterior, 639 
Nasal artery, lateral, 581 
Nasal bones, 530 
Nasal eavity 

anatomy, 639-642 
blood snpply, 641 
examination, 642 
infeetion, 642 
lymph drainage, 641 
mneons membrane, 641 
nerve snpply, 641 
Nasal eonehae, 640 
Nasal furrow, median, 643 
Nasal nerve, external, 508, 608 
Nasal pharynx, 634-636 
Nasal proeess, 583-584 
Nasal septum, 639, 640 
Nasal vestibule, 639 
Nasion, 662, 675 
Nasoeiliary nerve, 553, 555, 608 
Nasogastrie intnbation, 175 
Nasolaerimal eanal, 553 
Nasolaerimal duct, 552 
Navicular bone, 473,474, 475, 522, 526 
Neek 

anatomy, 585-600 
anterior triangle, 592, 596 
anterior view, 592, 596 
arteries, 596-600 
axillary sheath, 596 
bones, 590-591 
braehial plexus, 603 
earotid sheath, 679 
eervieal plexus, 616, 618 
eross seetion, 585, 586 
cutaneous nerves, 587 
deep eervieal faseia 
axillary sheath, 596 
earotid sheath, 593, 596 
eervieal ligaments, 596 
elinieal signifieanee, 595 
investing layer, 593 
pretraeheal layer, 593 
prevertebral layer, 593 
faseial spaees 
infeetion, 595 
ineisions, 591 
ligaments, 596 
lymph drainage, 603-605 
lymph nodes 

anterior eervieal, 592 
deep eervieal, 604 
reginal, 603-604 


snperfieial eervieal, 590 
midline structures, 653 
muscular triangles, 596 
nerves, 587 

parasympathetie nervons system, 621 
platysma, 587, 591 
posterior triangle, 590 
root 

mnseles, 592 

plenra and lung injnries, 662 
sealenns anterior, 592-593 
skin, 585, 587 

sternoeleidomastoid, 591-592 
styloid mnseles, vessels, and nerves, 597 
snperfieial eervieal faseia, 587, 590, 591 
snperfieial veins, 587, 590 
snrfaee landmarks 

anterior aspeet, 676-677 
lateral aspeet, 677-681 
posterior aspeet, 677 
sympathetie nervons system, 619-621 
veins, 600-603 
Needle thoraeostomy, 45-46 
Neonatal skull, 538, 539,675 
Nerve bloek 

anterior abdominal, 125,126-127 
braehial plexus, 351 
intereostal, 43 
pndendal, 326 
stellate ganglion, 621 
Nerve root pain, 689, 701 
Nerve snpply, eornea, 558 
Nervons system, 20-26,20-27 
antonomie, 22-27 
eentral, 20 

parasympathetie, 26-27 
peripheral, 20-22 
somatie, 20 

sympathetie, 24-26. See also Sympathetie 
system 

Nenral areh, 707, 708 
Nenral plate, 33 
Nenral tube, 33 
Neuroglia, 20 
Neurohypophysis, 652 
Neuron, 20 
Nipple, 51, 336 
development, 339 
inverted, 339 
retraeted, 338, 339 
supernumerary, 338 
Norepinephrine, 213 
Nose 

anatomy, 639-641 
bleeding, 642 
development, 642-643 
external, 635-640 
foreign bodies, 642 
nasal eavity, 639 
tranma, 642 
Nostrils, 639, 654 
Notoehord, 707, 708 
Nnehal groove, 717 
Nnehal lines, snperior, 532, 533 
Nucleus cuneatus, 548 
Nucleus graeilis, 548 
Nucleus pulposus, 689, 690 
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herniation, 701-702 
intervertebral dises, 707, 709 
Nntrient artery, 374 
Nystagmns, 617 

O 

Oblique arytenoid, 648t 
Oblique faeial eleft, 584 
Oblique fissure, lung, 70 
Oblique muscle 

external, 116,116-118, 124t 
internal, 117,118-119, 120,124t 
Oblique popliteal ligament, 470, 500 
Oblique sinus, 79 

Obstetrie measurements, pelvie, 243 
Obtnrator artery, 256,462, 464-465 
Obtnrator externus, 464t, 465 
Obturator foramen, 243,439 
Obtnrator internns, 443,444, 447t, 448 
Obtnrator internns mnsele, 245, 249 
Obtnrator membrane, 243, 244, 439 
Obtnrator nerve, 222, 249, 255,477, 479 
anatomy, 437, 451,457,462, 465 
branehes, 462, 465,465 
injnry, 465, 525 
referred pain from, 255 
Obtnrator vein, 465 
Oeeipital artery, 598 
Oeeipital bone, 532 
Oeeipital eondyles, 533 
Oeeipital erest, internal, 536 
Oeeipital nerve 
greater, 587 
lesser, 587 

Oeeipital nodes, 603 
Oeeipital protnberanee 
external, 662, 717 
internal, 536 
Oeeipital sinus, 536 
Oeeipital triangle, 596 
Oeeipital vein, 578 
Oenlar fimdns, 561 
Oenlomotor nerve, 555 
anatomy, 605, 607, 608 
integrity testing, 617 
paralysis, 617 
Oddi sphineter, 204 
Odontoid proeess, 693, 707 
anatomy, 710 
fraetnre, 693 
Oleeranon bnrsitis, 380 
Oleeranon fossa, 343 
Oleeranon proeess, 379, 379, 380 
Olfaetory bulb, 605 
Olfaetory nerve, 535, 606t 
anatomy, 535, 605, 607 
integrity testing, 616 
Olfaetory pits, 642 
Olfaetory reeeptor nerve eells, 605 
Olfaetory traet, 605 
Olivary nnelei, 547 
Olives, 547 
Omentnm 

gestrosplenie, 162,171,191,203 
greater, 162,165-166,167 
lesser, 162,192,194,197,198,201 
Omohyoid, 589t, 597, 616, 618, 657 


Ophthalmie artery, 555, 559 
Ophthalmie veins, 555-556 
Opponens digiti minimi, 403t 
Opponens pollieis, 403t 
Optie eanal, 535, 553 
Optie ehiasma, 546 
Optie dise, 560 
Optie nerve, 554 
anatomy, 605,606 
integrity testing, 616-617 
Optie radiation, 562, 605, 617 
Optie traet, 562, 605, 617 
Ora serrata, 559 
Oral pharynx, 636, 637 
Orbienlaris oculi muscle, 550 
Orbicularis oris, 573t, 582, 621 
Orbit 

blood vessels, 555-556 
blowout fractures, 561 
deseription, 552, 552-553 
lymph vessels, 555-556 
nerves, 554-555 
Orbital eavity, openings, 553 
Orbital faseia, 554 
Orbital margin, 552 
Orbital opening, 553 
Orbital region 

eyelids, 549-551, 551t 
laerimal apparatns, 551-552 
Orbital septnm, 550 
Orbitalis mnsele, 554 
Orgasm, in female, 324 
Origin, mnsele, 7, 8 
Oropharyngeal isthmns, 636 
Ossieles, anditory. See Anditory ossieles 
Ossifieation, 693 
Osteoarthritis, 469 
Osteoporosis, 691, 692 
Otie ganglia, 27, 610 
Otitis media, 568 
Outer eell mass, 33 
Outer pigmented layer, 559 
Ovarian artery, 257 
Ovarian fossa, 280 
Ovary 

blood snpply, 280 
eysts, 282 
deseent, 130 
development, 282 
dysgenesis, 282 
fimetion, 280 
imperfeet deseent, 282 
loeation and deseription, 279-280 
lymph drainage, 281 
nerve snpply, 281 
position, 282 
snspensory ligament, 279 
Oxyphil eells, 661 

P 

Palatal plate, 628 
Palatal proeesses, 532 
Palate 

anatomy, 626-630 
blood snpply, 627 
eleft, 629 

development, 628-629 


hard, 626, 628 
lymph drainage, 627 
movements, 628 
nerve snpply, 626 
soft, 626,629, 630t 
Palatine aponenrosis, 626 
Palatine bones, horizontal plates, 532, 626, 640 
Palatine foramen, 532 
Palatine nerve, 610 
Palatine tonsils, 639 
Palatoglossal areh, 627, 636 
Palatoglossns, 625t, 627, 630t 
Palatopharyngeal areh, 627 
Palatopharyngens, 627, 630t, 635t 
Palm of hand 

anatomy, 397-405 

anterior view, 392,401 

arteries, 402-403 

earpal tnnnel, 398 

deep faseia, 398 

faseial spaees, 404 

fibrons flexor sheaths, 398-399 

lymph drainage, 403 

nerves, 404 

sensory innervation, 430 
skin, 397-398 
structures lying in, 428 
synovial flexor sheaths, 399 
veins, 403 
Palmar, defined, 3 
Palmar aponenrosis, 385, 392, 398 
Palmar areh 
deep, 402-404 
snperfieial, 387, 389, 402 
Palmar interosseons mnseles, 400 
Palmaris brevis, 397-398,402t 
Palmaris longns 
absent, 386 
tendon, 394,426 
Palpebral fissnre, 549, 550 
Palpebral ligament, 550 
Pampiniform plexus, 128,131 
Panereas 

anatomy, 159,160, 201-203 
annlar, 204 

blood snpply, 202-203 
eaneer, 204 

eongential fibroeystie disease, 204 

development, 204 

eetopie, 204 

lymph drainage, 203 

nerve snpply, 203 

panereatie ducts, 202 

relations, 202 

snrfaee markings, 153 

tail, spleneetomy, 204 

tranma, 204 

Panereatie disease, diagnosis, 204 
Panereatie duct, 199,199,200,202, 203 
Panereatie islets, 201 
Panereatieodnodenal artery 
inferior, 193 
snperior, 192 
Papilla laerimalis, 550 
Papillary mnsele, 83, 92 
Papilledema, 616 
Paraeentesis, 80, 148 
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Paraeolie gutters, 163-164 
Paraesophageal hernia, 50 
Parafollicular eells, 658, 659 
Paramedian ineision, 147 
Paramedian plane, 2 

Paramesonephrie duct hision failnre, uterus 
after, 291 

Parametrium, 287 
Paranasal sinus, 642t, 644, 644t 
Parareetal nodes, 308 
Parareetns ineision, 147 
Pararenal fat, 207 

Parasympathetie seeretomotor nerve snpply, 551 
Parasympathetie system 
afferent fibers, 26 
eervieal part, 620 
efferent fibers, 26 
head, 621 

Parathyroid glands 

absenee and hypoplasia, 661 
anatomy, 660-661 
development, 661 
eetopie, 661 
fimetions, 661 
inferior, 660 
snperior, 660 
thyroideetomy and, 659 
Parathyroid hormone, 660-661 
Paratraeheal nodes, 604 
Paranmbilieal ineision, 150 
Paranmbilieal veins, 126,195 
Paranrethral glands, 324, 324 
Paravertebral ganglia, 24 
Paraxial mesoderm, 33, 707 
Parietal bone, 532 
Parietal lobe, 545, 546 
Parietal peritonenm, 124,160,164-166 
Parietal plenra, 35, 39,41,43, 62, 63, 75 
Parieto-oeeipital sulcus, 545 
Paronyehia, 6 
Parotid duct, 631, 676 
Parotid gland, 630-631,632 
Parotid nodes, 603 
Pars anterior, 652, 656 
Pars flaeeida, 566 
Pars intermedia, 656 
Pars nervosa, 656,657 
Pars tensa, 566 
Pars tnberalis, 652, 656,657 
Patella 

anatomy, 470-471,470-472 
disloeation, 472 
fraetnres, 472 
tangential view, 515 
Patellar disloeations, 472 
Patellar fraetnres, 472 
Patellar plexus, 437, 451 
Patellar tendon reflex, 23,26, 524 
Patent ductus arteriosus, 83,84, 98 
Patent urachus, 141,141 
Peetinate line, 306, 308 
Peetineal line, 116,118,119, 135 
Peetinens, 223t, 458t 
Peetoral nerve, 346, 352, 352, 353, 354t 
Peetoral region, 335-343, 336, 337, 339-342 
Peetoralis major, 354t, 356, 358,419 
Peetoralis minor, 344, 346, 350, 350, 351 
Pedieles, 683 


Pelvie appendix, 268 
Pelvie brim, 242,243 
Pelvie eavity, 242,243 
anatomy, 242 
eontent, 263, 265-267 
eross-seetional anatomy, 297, 297, 298 
ejaenlatory duct, 275, 276 
female genital organs, 279-288, 290-297 
ovary 

blood snpply, 280 
fimetion, 280 

loeation and deseription, 279-280 
lymph drainage, 281 
nerve snpply, 279, 281 
peritonenm, 278, 296-297 
prostate 

blood snpply, 277 
fimetion, 277 

loeation and deseription, 266, 275-276, 
276 

lymph drainage, 277 
nerve snpply, 277 
relations, 266, 275-276, 276 
structure, 276, 276-277 
prostatie urethra, 278 
radiographie anatomy, 297, 299, 300, 301 
reetnm 

blood snpply, 265 

loeation and deseription, 263,265 

lymph drainage, 265 

nerve snpply, 265 

radiographie anatomy, 298 

relations, 265 

seminal vesieles, 272, 273, 275 
sigmoid eolon 
anatomy, 263 

radiographie anatomy, 298 
variations in length and loeation, 264 
nreter, 269, 271, 271 
nrinary bladder 
blood snpply, 272 
development, 280 
female, 267, 279 

loeation and deseription, 271-272 
lymph drainage, 272 
male, 279 

mietnrition, 273, 275 
nerve snpply, 273 
nterine tube 

blood supply, 284 
fimetion, 284 

loeation and deseription, 284 
lymph drainage, 284 
nerve snpply, 284 
uterus 

after menopause, 288 
blood supply, 287 
in ehild, 288 
fimetion, 285 
in labor, 288 

loeation and deseription, 284-285 

lymph drainage, 287 

nerve snpply, 287 

positions, 285 

in pregnaney, 288 

relations, 285 

structure, 285 

supports, 287-288 


vagina 

blood snpply, 295 
fimetion, 295 

loeation and deseription, 292 
lymph drainage, 295 
nerve snpply, 295 
relations, 294-295 
snpports, 295 
vas deferens, 271,275 
viseeral pelvie faseia, 278 
Pelvie diaphragm, 247-248, 250 
Pelvie faseia, 248 
parietal, 252, 253 
viseeral, 252 
Pelvie floor, 247 

fimetional signifieanee in female, 252 
injnry, 252 
mnseles, 252t 

Pelvie inflammatory disease, 285 
Pelvie inlet, 242,243, 244 
Pelvie kidney, 212 
Pelvie ontlet, 242, 243, 244 
Pelvie peritonenm, 252-253, 253 
Pelvie splanehnie nerve, 254,255 
Pelvie viseera, 261 
in female, 278-279 
in male, 269-275 
snrfaee anatomy, 260, 301 
Pelvie wall 

age ehanges, 258 
anatomy, 241-261 
anterior, 244 

antonomie nerves, 255-256 
eoeeygens, 248,252t 
coccyx, 245, 260 
eommon iliae artery, 256-257 
external iliae artery, 256 
external iliae vein, 257 
inferior. See Pelvie floor 
inferior hypogastrie plexus, 256 
internal iliae artery, 256 
internal iliae vein, 257 
lateral 

hip bone, 245 
obtnrator internns, 246 
obtnrator membrane, 245 
saerospinons ligament, 245 
sacrotuberous ligament, 245 
levator ani, 247-248 
Inmbar plexus branehes, 255 
median saeral artery, 257 
median saeral veins, 257 
mnseles, 252t 
ovarian artery, 257 
piriformis, 252t 
posterior, 244, 254 
saeral plexus, 254, 254, 255 
saeroeoeeygeal joint, 258 
saeroiliae joints, 249, 258 
saernm, 244 
structure, 242-248 

superior hypogastrie plexus, 255-256 
superior reetal artery, 257 
surface anatomy, 258-260, 259-260 
snrfaee landmarks, 259-260 
symphysis pubis, 249, 258 
urinary bladder, 260, 260 
uterus, 260, 260-261 
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viseera, 260-261 
Pelvis 

anatomy, 241-242 
axis, 243 
as basin, 241 
bony, 241 

eoronal seetion, 253 

false, 241 

female, 243, 331 

fraetnres, 251 

joints, 258 

lymphaties, 257 

male, 242, 331 

nerves, 254-256 

obstetrie measnrement, 243 

trne 

arteries, 256-257 
fraetnres, 251 
tranma, 252 
veins, 257 

Penile nrethra, 317, 320 
Penis 

blood snpply, 316, 316 
body, 315-316, 316, 318, 332 
bnlb, 332 

dorsal nerve, 317, 320 
ejaenlation, 320 
ereetion, 320 
glans, 316, 318, 331, 332 
left ernra, 332 

loeation and deseription, 315-316, 316, 318 
lymph drainage, 316 
nerve snpply, 316 
right ernra, 332 
root, 315, 316, 318, 332 
Pennate mnsele, 8 
Perenssion, ehest, 53 
Perforated snbstanee, posterior, 546 
Perforating artery, 46 
Perforating entaneons nerve, 254, 256t 
Perforating vein, 452,452 
Perianal abseess, 310, 313 
Perianal hematoma, 310, 312 
Perieapsnlitis, 360, 361 
Perieardiaeophrenie artery, 46 
Perieardial artery, 97 
Perieardial eavity, 79, 93, 94 
Perieardial flnid, 79, 80 
Perieardial frietion rub, 80 
Perieardial sinus, 79,80,81 
Periearditis, 80 
Pericardium 
anatomy, 79 
fibrons, 79,80, 81 
nerve snpply, 79 
parietal layer, 79 
serons, 79,80, 81 
viseeral layer, 91 
Perilymph, 567, 568 

Perineal body, 269, 287-288, 319, 322, 326 
Perineal membrane, 314 
Perineal nerve, 309, 322 
Perinenm 
anal eanal 

anatomy, 304-309 
blood snpply, 307, 308 
loeation and deseription, 304, 305 
lymph drainage, 307, 308 


mnsele eoat, 306, 306 
nerve snpply, 304, 308-309 
structure, 304, 304-306, 306-308 
anal sphineters, 306, 306-308 
anal triangle, 303, 304, 309 
anatomy, 303-333 
elitoris, 317, 321-322, 322, 333 
coccyx, 304, 329 
deep perineal pouch 
anatomy, 315,315,317 
female, 317, 323, 323t 
male, 317, 319-320 
defeeation, 309 
defined, 303, 303, 304 
epididymides, 333 

greater vestibnlar glands, 317, 324, 325, 333 
injnry, dnring ehildbirth, 304, 326 
internal pndendal artery, 304, 309 
internal pndendal vein, 309 
isehial tnberosity, 304, 329 
mnseles, 323t 
orgasm, 324 

paranrethral glands, 324, 324 
pelvie diaphragm, 303, 303 
penis, 316, 318, 331,332-333 
blood snpply, 316, 316 
body, 315-316, 316, 318 
ejaenlation, 320 

loeation and deseription, 305, 315-316, 
316,318 

lymph drainage, 316 
nerve snpply, 316 
root, 315, 316, 318 
pndendal nerve, 308, 323 
radiographie anatomy, 329, 330 
serotnm, 319 

sphineter nrethrae, 317, 319, 323 
snperfieial perineal pouch 
anatomy, 314, 315, 317 
female, 304, 317, 322, 322-323 
male, 308,315,318,319 
snrfaee anatomy, 304, 316, 318, 324, 329, 331, 
331-333,332 

symphysis pubis, 304, 329, 331 

testis, 333 

urethra 

female, 305, 322, 324, 324 
male, 305,317,318, 320 
membranous, 317, 319 
penile, 305, 317, 318, 320 
prostatie, 320 

nrogenital diaphragm, 314-315, 315, 317 
nrogenital triangle, 304, 309, 312, 314-325, 
315-318 

female, 305, 308, 317, 318, 320-325, 323t, 
324 

male, 305, 315, 315-316, 316, 317, 318, 
319-320 

snperfieial faseia, 312, 314, 315, 316 
snperfieial perineal pouch, 314, 315, 317 
vagina 

blood snpply, 325 

loeation and deseription, 305, 322, 325 
lymph drainage, 325 
nerve snpply, 325 
vulva, 324, 325, 331, 332, 333 
Periosteum, 29 

Peripheral nervous system, 20-22, 23 


Peristalsis, 10, 170 
Peritoneal eavity, 27,160,166 
Peritoneal dialysis, 166 
Peritoneal fluid, 160 
Peritoneal infeetion, 165 
Peritoneal lavage, 148,149, 150 
Peritoneal ligaments, 161,162,163, 166, 197 
Peritoneal lining, 137,138 
Peritoneal mesentery, 166 
Peritoneal pain, 165 
Peritoneal sae, greater, 163 
Peritonenm, 266, 278, 279, 287, 296-297 
anatomy, 160-168 
arrangement, 160,160-161 
broad ligaments, 297 
eeeal reeesses, 163,164 
development, 166,168 
dnodenal reeesses, 163,164 
fimetions, 164-165,167 
intersigmoid reeess, 163,164 
intraperitoneal and retroperitoneal 
relationships, 161 
lesser sae, 160,161, 162-163,163 
mesenteries, 161, 162,164 
nerve snpply, 164 
omenta, 158,161, 162 
paraeolie gntters, 160, 163,164 
parietal, 160,164,165 
peritoneal ligaments, 161,162,163 
reetal, 265 

snbphrenie spaees, 163,164,167 
viseeral, 160,164,166,172 
Peritonsillar abseess, 636, 637 
Perinmbilieal, 152 
Permanent teeth, 623,624 
Peroneal artery, 488 
Peroneal nerve 
eommon 

anatomy, 464,466, 467 
branehes, 449 
injnry, 479 

sural communicating braneh, 479 
tibial portion, 256t 
deep, 437, 498 
snperfieial, 498 
Peroneal retinaculum 
inferior, 481,483 
snperior, 481 

Peroneal tnberele, 475, 523, 526 
Peronens brevis, 486t 
tendon, 526 

tenosynovitis and disloeation, 486 
Peronens longns, 486t 

tendon, 494,495,495,497 
tenosynovitis and disloeation, 486 
Peronens longns tendon, 493t 
Peronens tertins, 484t, 523 
Pes cavus, 511 
Pes planus, 511 
Petrosal nerve 
deep, 535 

greater, 535, 568, 613 
lesser, 535, 568, 614 
Petrosal sinus, 536, 544 
Petrotympanie fissnre, 613 
Peyer s patehes, 196 
Phalanges, 380,474, 475 
Pharyngeal braneh, 619 
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Pharyngeal pouch, 638 
Pharyngeal reeess, 636 
Pharyngeal tonsil, 634 
Pharyngeal tubercle, 533 
Pharynx 

anatomy, 634-639 
blood snpply, 637 
eonstrietor mnseles, 634 
erossing of air and food pathways, 644 
interior, 634, 636-637, 636-637 
laryngeal, 637 
lymph drainage, 637 
lymphoid tissne, 636-637 
mnseles, 634,635 
nasal, 634, 636, 636 
oral, 636,636 
sensory nerve snpply, 637 
in swallowing, 638-639 
Pheoehromoeytoma, 215 
Philtrnm, 583, 622 
Phimosis, 321 
Phoeomelia, 416 
Phrenie nerve, 618, 619t 
aeeessory, 352 
anatomy, 618 
injnry, 618 

Phrenieoeolie ligament, 182 
Pia mater 
brain, 543 

spinal eord, 696, 697, 704 
Pineal body, 547 
Pineal gland, 656-657 
Piriform fossa, 637, 638, 647 
Piriformis, 444, 447t 
Piriformis muscle, 245, 248 
Pisiform bone, 379,426 
Pitnitary gland, 535 
anatomy, 652, 654, 656 
development, 656 
hmetion, 654 
Pivot joint, 13,14 
Plaeenta, 33 

appearanee at birth, 293, 295 
formation, 293, 294 
Plaeenta previa, 293 
Plaeental abrnption, 293-294 
Planejoints, 13 
Plantar, defined, 3 
Plantar aponenrosis, 490,491 
Plantar areh, 496 
Plantar artery, 488,492, 495-496 

lateral, 483,492,494, 495-496,496,497 
medial, 483,492, 495 
Plantar ealeaneonavienlar ligament, 507 
Plantar digital nerves, 497 
Plantar faseiitis, 491 
Plantar flexion, 506 
Plantar mnseles, 492,494,496 
Plantar nerve 

lateral, 490,494,497, 497-498 
medial, 483, 490,491,492, 496-497 
Plantar veins, 496 
Plantaris, 476,489t 
Plantaris tendon, 487 
Platysma, 587 

elinieal identifieation, 591 


innervation, 591 
tone, 591 
Plenra 

anatomy, 54, 55, 55, 61,61-63,62, 63 
anterior border, 55 
eervieal dome, 55 
eostal, 62 

development of, 74-75 
diaphragmatie, 62 
lower border, 55 
mediastinal, 62 
nerve snpply, 62-63,63 
parietal, 27, 29, 35, 55, 55, 62, 75 
thoraeie, 55, 55 
viseera, 27, 29 
viseeral, 35, 75 
Plenral adhesions, 64 
Plenral eavity, 27, 29, 61 
Plenral effiision, 64 
Plenral fluid, 61 
Pleural refleetion, 55 
Plenral rub, 64 
Pleural spaee, 61 
Pleurisy, 64 
Plexus 

aortie, 223, 224 

braehial. See Braehial plexus 

eardiae, 89 

eeliae, 224 

eervieal, 21 

ehoroid, 543, 548 

deep, 73 

esophageal, 99,100 
hypogastrie 

inferior, 254, 256 
snperior, 254, 255, 256 
Inmbar, 21 
mesenterie, 224 
pampiniform, 128,131 
patellar, 451 
prostatie venons, 277 
pnlmonary, 74 
renal, 224 
saeral, 21 

anatomy, 254, 254-255, 255, 256t 
branehes, 254, 255, 255, 256t 
invasion by malignant tnmors, 255 
pressnre from fetal head, 255 
snperfieial, 73 
tympanie, 568 
venons, 17 

vertebral venons, 695, 696,696 
vesieal venons, 272 
Pliea fimbriata, 621,622, 624 
Pliea semilnnaris, 550 
Plieae eirenlares, 177,196 
Pnenmoarthrography, knee joint, 503, 516 
Pnenmonia, 78 
Pneumothorax, 60, 64 

after intereostal nerve bloek, 43 
after rib fraetnre, 44 
artifieial, 64 
open, 64 
spontaneons, 64 
tension, 64 
Poliomyelitis, 448 


Polyeystie kidney, 212 
Polydaetyly, 416 
Pons, 536 

Popliteal anenrysm, 478 
Popliteal artery, 476, 477,477, 521, 523 
Popliteal bursa, 500, 501 
Popliteal fossa, 476,476,477, 521, 522 
anatomy, 476,476,477 
bonndaries, 476,476,477 
eontents, 476 
deep structures, 477 
surface markings, 522 
Popliteal lymph nodes, 479 
Popliteal snrfaee, 439,443 
Popliteal vein, 476,477, 478 
Poplitens, 477,477,478, 489t 
Porta hepatis, 162, 197 
Portal eanal, 197 
Portal hypertension, 101 
Portal system, 17 
Portal vein, 17, 219 
liver eaneer and, 195 
obstrnetion, 126 
tribntaries, 173, 194 

Portal-systemie anastomosis, 100, 195, 309 
Position, terms related to, 2, 2-3 
Posteentral gyrus, 546 
Posterior, defined, 3 

Posterior abdominal walL See Abdominal wall, 
posterior 

Posterior atlanto-oeeipital membrane, 688 
Posterior auricular artery, 598 
Posterior auricular vein, 578, 579 
Posterior axillary fold, 419 
Posterior axillary line, 54 
Posterior axillary nodes, 98, 357, 358 
Posterior bnrsae, 501 
Posterior eeeal artery, 181, 194 
Posterior eerebral artery, 546, 547, 599 
Posterior ehamber of eye, 559 
Posterior ehest wall, 53, 53, 54 
Posterior circumflex humeral artery, 351, 

360, 361 

Posterior elinoid proeess, 535, 539 
Posterior eommnnieating artery, 547, 599 
Posterior eranial fossa, 534, 536, 536t 
Posterior erieoarytenoid mnsele, 648t 
Posterior erneiate ligament, 470, 500, 501 
Posterior cutaneous nerve 
of arm, 367 
of forearm, 377 
ofthigh, 437, 448,479,487 
Posterior ethmoidal nerve, 555 
Posterior fold, 53 
Posterior fontanelle, 538, 663,675 
Posterior inferior iliae spine, 437,439 
Posterior intereondylar area, 470 
Posterior intereostal arteries, 40, 41,42 
Posterior intereostal membrane, 39,40 
Posterior intereostal nodes, 98 
Posterior intereostal veins, 41,42 
Posterior internodal pathway, 86 
Posterior interosseons artery, 388, 391 
Posterior interventrienlar artery, 87 
Posterior longitndinal ligament, 690 
Posterior malleolar folds, 566 
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Posterior median sulcus, 697 
Posterior mediastinum, 59 
Posterior nasal apertnre, 532, 639 
Posterior osseons saeroiliae ligaments, 258 
Posterior pelvie wall, 244, 247, 248 
Posterior perforated snbstanee, 546 
Posterior ramus, 20, 699 
Posterior root, 20 
Posterior root ganglion, 20 
Posterior saeroiliae ligament, 258 
Posterior spinal artery, 699 
Posterior snperior alveolar nerve, 553, 610 
Posterior snperior iliae spine, 151, 259, 260,437, 
513,519, 718 

Posterior talofibnlar ligament, 504, 506 
Posterior tibial artery, 476,477,480,483, 488, 
523, 524 

Posterior tibial nerve, 523 

Posterior tibial vessels, 521, 523 

Posterior triangle, neek, 590, 591,596, 679, 680 

Posterior vagal trunk, 172 

Posterior vertebral musculature, 719 

Postural drainage, 78 

Postvertebral mnseles, 693, 694, 694-695 

Pouch of Douglas, 297 

Preaortie lymph nodes, 220 

Preeentral gyrus, 545 

Preganglionie parasympathetie seeretomotor 
fibers, 568 
Pregnaney 

eetopie, 285, 286 
hemorrhoids, 289 
pelvie joint ehanges, 258 
reetal examination, 314 
term, 288 
uterus, 155,288 
varieosed veins, 289 
vulva, 325 
Premaxilla, 583 

Prepatellar bursa, 470, 501, 501 
Prepuce, 316, 322, 327 
Primary cartilaginous joint, 11 
Prime mover, muscle, 8,10 
Primitive streak, 33 
Proboseis, lateral, 643,643 
Procerus, 573t 

Processus eoehleariformis, 565 
Processus vaginalis, 129,130,130, 132,132 
Proetodenm, 311 
Profimda artery, 374 
Profnnda braehii artery, 378 
Profnnda femoris artery, 440,456,457, 461,462, 
463-464 

Profnnda femoris vein, 464 
Promontory, 565 
Pronator quadratus, 387t 
Pronator teres, 387t 
Pronator tnberele, 378 
Prone, defined, 3 
Pronephros, 212 
Prostate 

aetivity and disease, 277 
benign enlargement, 277 
blood supply, 277 
eaneer, 277 
examination, 277 


fimetion, 277 

loeation and deseription, 266, 275-276, 276 
lymph drainage, 277 
nerve supply, 277 
relations, 266, 275-276, 276 
structure, 275-276, 276 
Prostatie sinus, 278 
Prostatie urethra, 276, 278, 317, 320 
Prostatie utricle, 276 
Prostatie venous plexus, 277 
Protraetion, defined, 3 
Proximal, defined, 3 
Proximal earpal row, 379 
Proximal radionlnar joint, 407, 408-409,409 
Proximal tibiofibnlar joint 
artienlation, 470, 504 
eapsnle, 504 
ligaments, 504 
movements, 504 
nerve supply, 504 
synovial membrane, 504 
type, 504 
Psoas, 458t 
Psoas faseia, 136,137 
Psoas major, 136,136 
Psoas sheath, 461 
Pterion, 532 
Pterygoid, 574t 
Pterygoid eanal 
nerve to, 535, 568 
Pterygoid eanal, nerve of, 535, 551 
Pterygoid hamulus, 532 
Pterygoid muscle, nerve to, 610 
Pterygoid plate, 532 
Pterygomandibnlar ligament, 596, 628 
Pterygomaxillary fissnre, 532 
Pterygopalatine fossa, 532 
Pterygopalatine ganglia, 27 
Ptosis, 617 
Pubic areh, 242,243 
Pubic erest, 118, 151, 242, 259, 260,439 
Pubic tubercle, 145,151, 258, 259, 260,439,441, 
519, 520, 520 
Pubis, 439 

Pubocervical ligament, 278, 287, 288, 288 
Pubococcygeus, 247 
Pubofemoral ligament, 467,467 
Pnboprostatie ligament, 272,276 
Pnboreetalis, 306, 323t 
Pnbovesieal ligament, 272,288 
Pndendal artery 
external, 438, 461 
internal, 309 
Pndendal eanal, 309 
Pndendal nerve, 308, 309,445,446, 448 
perineal braneh, 308, 319, 323 
tibial portion, 256t 
Pndendal nerve bloek, 326, 326 
Pndendal proeednre, 326, 326 
Pndendal vein 
external, 452 
internal, 309 

Pndendal vessels, internal, 323 
Pnlmonary arteries, 67 
Pnlmonary fibrosis, 78 
Pnlmonary ligament, 61 


Pnlmonary nodes, 73 
Pnlmonary plexus, 74, 99 
Pulmonary sinnses, 83 
Pnlmonary trunk, 97 
Pnlmonary valves, 84, 85, 90, 91 
Pnlmonary veins, 95 
Pulp spaee 

finger, 405,405 
infeetion, 404-405 
Pulse, earotid, 597 
Puncta laerimalis, 551 
Punctum laerimale, 550 
Pupil, 558, 559, 560 
Pupillary reflexes, 562 
Purkinje fibers, 85, 90 
Pyelography, 239 
Pylorie antrnm, 171 
Pylorie eanal, 171,171 
Pylorie orifiee, 171 
Pylorie sphineter, 171 

Pylorie stenosis, eongenital hypertrophie, 186 

Pylorns, 171 

Pyopneumothorax, 64 

Pyramid, 547 

Pyramidalis, 115 

Q 

Quadrangular membrane, 646,646 
Quadrangular spaee, 359, 360 
Quadrate tubercle, 439,443 
Quadratus femoris, 447t 
nerve to, 448 

Quadratus lumborum, 136,136, 137t 
Quadratus lumborum faseia, 137 
Quadratus plantae, 493t 
Quadriceps femoris, 458t 
aetion, 457,459 
as knee joint stabilizer, 459 
Quadriceps meehanism, 457,459 
Queckenstedt’s sign, 705 
Quincke’s uvula, 628 
Quinsy, 636,637 

R 

Raee, effeets on structure, 32-33 
Radial artery 

anatomy, 388-389 
on dorsum of hand, 396, 406 
palmar branehes, 401,403 
palpation, 428 
Radial bursa, 399 
Radial fossa, 343 
Radial nerve 

anatomy, 353, 356, 377, 390, 391,392,430 
branehes, 357, 392-393 
deep braneh, 499,539, 391,392, 394, 396 
injury, 431 

superficial braneh, 377, 383, 384, 388, 390, 
391,392-393,398,406,423 
Radial noteh, 379 
Radienlar arteries, 699 
Radioearpal joint. See Wrist 
Radiographie anatomy, 298-301 
abdomen, 226, 228, 229, 229, 231 
ankle, 516, 517 
baek, 710, 715,717 
biliary ducts, 235, 236 
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Radiographie anatomy (Continued) 
brain, 662, 675, 677 
ealyees, 235, 237, 238 
dnodennm, 232, 233-234 
elbow, 378,424, 426 
female genital organs, 290, 291, 298, 301 
foot,517,518 
gallbladder, 236 

gastrointestinal traet, 230, 231, 231-235, 232 

hand, 426-428,427,434 

head, 662,664-675 

hip joint, 514 

ilenm, 234 

jejnnnm, 234 

kidney, 235 

knee joint, 514, 515 

large intestine, 233-235, 234-235 

lower limb, 512, 514-518 

pelvie eavity, 297, 299, 300, 301 

pelvis, 297, 299, 300, 301 

perinenm, 329, 330 

reetnm, 298 

renal pelvis, 235, 237, 238 
shonlder, 418 
sigmoid eolon, 298 
sknll, 662,664-675 
small intestine, 230, 232 
stomaeh, 230, 231, 231,233 
thorax, 102-112 

bronehography, 102,104-105,106,107 
eompnted tomography, 107,112 
eoronary angiography, 107,112 
left oblique radiograph, 105,110,111 
posteroanterior radiograph, 102,104-105, 

106,107 

right oblique radiograph, 105,108,109 
ureter, 235, 237, 238 
urinary traet, 235-239 

vertebral eolnmn, 710, 710, 713-717, 715, 717 
wrist, 426-428,427,434 
Radiopaque, 105,107, 227 
Radioulnar joint 
disease, 410 
distal, 409-410 
proximal, 407, 408-409,409 
Radins 

anatomy, 378, 379 
eongenital absenee, 416 
dorsal tnberele, 426 
fraetnres, 380 
head, 426 

styloid proeess, 426 
Rami eommnnieantes, 21,41 
Ramus 

anterior, 20 
mandible, 569, 663 
posterior, 20 
Raphe, 8,8 

Raynand disease, 100,428 
Reetal ampnlla, 265 
Reetal artery 

inferior, 265, 267 
middle, 265, 267 
snperior, 265, 267 
Reetal examination, 311 
Reetal nerve, inferior, 304, 309 
Reetal prolapse, ineontinenee and, 311 


Reetal vein 
inferior, 265 
middle, 265 
snperior, 265, 312 
Reetonterine pouch, 297 
Reetovesieal pouch, 276 
Reetovesieal septum, 276 
Rectum 

anatomy, 158, 159 
blood snpply, 265, 267 
eaneer, 268 
enrves, 268 
development, 187 
injnry, 268 

loeation and deseription, 263,265, 266, 267 

lymph drainage, 265 

mneosal folds, 268 

nerve snpply, 265 

prolapse, 268 

radiographie anatomy, 298 
relations, 265, 269, 270 
Reetns, 55It, 556, 559 
Reetns abdominis, 116, 120,124t, 152 
separation, 146,146 
tendinons interseetions, 152 
Reetns femoris, 458t 
muscular braneh, 463 
rupture, 459 
Rectus sheath 

anatomy, 120-123,122 
hematoma, 123 

Reenrrent laryngeal nerve, 614,615, 628, 650 
Renal arteries, 213, 220 
Renal eolie, 212 
Renal eolnmns, 207 
Renal faseia, 207,215 
Renal mobility, 210 
Renal pain, 210 
Renal papilla, 207, 208 
Renal pelvis, 207-208 
Renal plexus, 224 
Renal pyramids, 207 
Renal sinus, 206 
Respiration 
expiration 
foreed, 77 

lung ehanges on, 77 
quiet, 77 
inspiration 
foreed, 77 

lung ehanges on, 77 
mnsele of, 45 
quiet, 76-77 
meehanies, 74-79 
types, 77 

Respiratory efheieney, eonditions deereasing, 78 
Resprodnetive system, data eoneerning, 72 It 
Resnseitation, eardiopnlmonary, 91 
Retina, 555, 559-560, 560, 561 
Retinaenla, 7,457,467 
Retraetion, defined, 3 
Retroauricular (mastoid) nodes, 603 
Retromammary spaee, 336, 336 
Retromandibnlar vein, 600 
Retroperitoneal spaee, 206,207, 207 
Retropharyngeal lymph nodes, 639 
Retropharyngeal nodes, 604 


Retropnbie pad of fat, 272, 279 
Rhomboid major, 349t 
Rhomboid minor, 349t 
Rib 

anatomy, 35-38, 36, 37, 38, 419,427 
atypieal, 36, 38 
eervieal, 37 
eontnsion, 44 
excision, 37 
false, 36 
fifth, 37 
first, 36, 38, 38 
floating, 36 
fraetnre, 44 
head, 36, 37 
joints, 37, 38 
identifieation, 54 
joints, 38-39 
movements, 39 
neek, 36 
tnberele, 36 
joints, 37, 38 
twelfth pair, 135 
typieal, 36, 37, 38 
Rib eage, 50 
Riekets, 31 

Right dominanee, posterior interventrienlar 
artery, 87 

Rima glottidis, 646, 647, 648 

Ring finger, movements, 402, 414,414 

Risorins, 573t 

Rosette kidney, 213 

Rotation, defined, 3 

Rotator cuff 

anatomy, 359, 365 
tendinitis, 360, 361 
Round ligament of ovary, 288 
Rnnning, 511 

S 

Saeenle, 568, 569 

Saeens endolymphatiens, 569 

Saeral artery, 257 

Saeral eanal, 687 

Saeral erest, median, 513, 717 

Saeral hiatns, 259, 260, 706, 718 

Saeral nerves, 20 

Saeral plexus, 21 

anatomy, 249, 254, 254, 256t 
branehes, 254,256t 
invasion by malignant tnmors, 255 
pressnre from fetal head, 255 
relations, 254 
Saeral promontory, 687 
Saeral veins, median, 257 
Saeral vertebrae, 252 
partial fnsion, 252 
seeond, 543 

Saeroeervieal ligament, 278, 287, 288, 288 
Saeroeoeeygeal joint, 258 
Saeroiliae joint, 214,244, 258 
Saeroiliae joint disease, 702 
Saeroiliae ligament, 258 

Saerospinons ligament, 242, 243, 244, 246, 248, 
258, 445,445 

Sacrotuberous ligament, 242,243, 244, 245, 248, 
445,445 
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Saemm, 242, 244, 244-245, 247, 248 
anatomy, 685, 687, 712, 713, 717, 718 
fraetnres, 251 

spinons proeesses, 259, 260 
Saddle joint, 13 
Sagittal plane, 690-691,691 
Sagittal sinns 
inferior, 544 

snperior, 534, 544, 662, 707 
Sagittal sntnre, 532 
Salivary glands, 630-634, 632, 634 
Salivary nnelens, 621 
Salpingopharyngeal fold, 636 
Salpingopharyngens, 634, 635, 636 
Saphenons nerve, 437, 463,481,487,498 
Saphenons opening, 455 
Saphenons varix, 461 
Saphenons vein, great 
anatomy, 451,463 
in eoronary bypass snrgery, 453 
cutdown, 453,454 
origin, 451 
Sartorius, 458t 
Seala tympani, 569 
Seala vestibnli, 569 
Sealenns anterior, 38, 589t, 592, 593 
Sealenns medins, 589t, 661 
Sealenns posterior, 589t 
Sealp 

arterial snpply, 577-578 
elinieal signifieanee, 578 
hemorrhage, 578 
infeetion, 578 
laeerations, 578 
layers, 574 

lymph drainage, 578, 579 
mnsele, 573t, 575, 577 
nerve snpply, 577 
stmetnre, 374-375, 376-377 
venons drainage, 578, 579 
Seaphoid bone, 382 
Seapnla, 53 
aeromion, 718 
anatomy, 340, 340, 341, 342 
fraetnres, 340, 340, 341,342 
hnmems and, mnseles eonneeting, 349t 
inferior angle, 425,425, 718 
medial border, 718 
palpation, 705, 718 
rotation, 366, 368 
spine, 53, 340, 358, 425, 718 
snperior angle, 425, 718 
winged, 342, 342, 430 
Seapnlar line, 54 
Seapnlar nerve, dorsal, 354t 
Seapnlar region, 358-362 
Scapular-humeral meehanism, 367 
Searpas faseia, 115, 314, 319 
Sehlemm eanal, 561 
Seiatie foramina, 439 

Seiatie nerve, 445,446, 448,449,450,464, 466, 
466, 467,513 

branehes, 450,464,466, 467 
injnry, 449,450, 525 
Seiatie noteh, 439 
Seiatiea, 525, 702 
Selera, 558 


Selerotome, 707 
Seoliosis, 691, 708, 709 
Seotoma, eentral, 617 
Serotal raphe, 151, 333 
Serotnm, 315, 331, 333 
anatomy, 117,129, 131 
blood snpply, 319 
elinieal eonditions, 132 
development, 327, 328 
loeation and deseription, 319 
lymph drainage, 130, 131, 319 
nerve snpply, 319 
Sebaeeons eyst, 6 
Sebaeeons glands, 5, 562 
Sebum, 5 

Seeond intereostal nerve, 41 
Seeondary eartilaginons joint, 12 
Seeondary tympanie membrane, 

565,568 

Segmental arteries, 208 
Sella tnreiea, 535 
Semen, 320 

Semieirenlar eanals, 568 
Semieirenlar ducts, 568, 569 
Semilunar valves, 92 
Semimembranosns, 466,466t, 476 
Semimembranosns bursa, 501, 501 
Semimembranosus bursa swelling, 478 
Seminal fluid, 320 
Seminal vesieles, 272, 273, 275 
Semitendinosns, 466t, 476 
Sengstaken-Blakemore balloon, 170 
Senile kyphosis, 691 
Sensory area, 546 
Sensory fibers, 20 
Sensory nerves 
faee, 579-580, 583 
hand, 397 

mouth, 622-623, 623 
pharynx, 637 
tongne, 622 

upper limb, 367-370, 368-369 
Septum intermedium, 92 
Septum primum, 92 
Septum secundum, 92 
Septum transversum, 201 
Serous exudate, 27 
Serous membrane, 27, 29 
Serratns anterior, 348t 
Serratns posterior 
inferior, 47,49t, 77 
snperior, 47 
Sesamoid bone, 30-31 
Sex hormones, 280 
Shoek 

hypovolemie, 370 
skin ehanges, 6 
Short bone, 29-30 
Short eiliary nerves, 555 
Short gastrie artery, 172,191 
Short gastrie vein, 172 
Short plantar ligament, 497, 507 
Shonlder 

dropped, 342, 342 
radiographie anatomy, 418 
snrfaee anatomy, 424,425 
Shonlder girdle, 337, 340-343 


Shonlder joint 

abdnetion, 364-365 
aeeessory ligaments, 364 
anatomy, 364-367 
arterial anastomosis aronnd, 
361-362 
artienlation, 364 
disloeation, 367 
ligaments, 364 
movements, 364-367, 366 
nerve snpply, 364 
osteoarthritis, 371 
relations, 365, 367 
synovial membrane, 364 
type, 364 

Shonlder pain, 367 
Shonlder separation, 364 
Sigmoid artery, 194 
Sigmoid eolon 

anatomy, 158,159, 263 
eaneer, 264 
development, 187 
radiographie anatomy, 298 
variation in length and loeation, 264 
Sigmoid mesoeolon, 162,263 
Sigmoid sinus, 536 
Sigmoidoseopy, 264, 265 
Silieosis, 78 
Singing, 649 
Sinnatrial node, 85 
Sinnatrial node arteries, 87 
Sinus tarsi, 475 
Sinus venosus, 91 
Sinusitis, 644 
Sinusoid, 17,197 
Skeletal muscle 
aetion, 8-9,10 
anatomy, 8-9, 9 
internal structure, 8, 9 
naming, 9,1 It 
nerve snpply, 9 
Skin 

anatomy, 3-6, 6 

anterior abdominal wall, 114 

appendages, 3-6 

baek, 358 

burn, 6 

bnttoek, 436-437,437,438 
ereases, 3,6 
faee, 579, 581 
foot, 490,498 
forearm, 380-394 
grafting, 6 

hand, 384, 385, 397-398 
infeetion, 6 

lateral plantar nerve, 490 
leg, 437,438, 481 
lines of eleavage, 114,147 
medial ealeaneal braneh, 490 
neek, 585-587, 586-587 
perianal, 311 
serotnm, 131 

segmental innervation, 23 
sensory nerve snpply, 490 
structures, 3-6,6 
thigh, 437, 450,451,465 
upper arm, 367, 369-670 
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Skull 

anterior view, 529, 530, 532 
arteriography 
base, 529, 534-538 
anatomy, 534-538 
anterior eranial fossa, 534-535 
middle eranial fossa, 535-536 
openings, 536, 536t 
posterior eranial fossa, 536-538 
bone 

eomposition, 529-530, 529-530 
front, 530 

computed tomography, 662 
eranial eavity, 534 
fraetnres, 537 

inferior view, 532-533, 533-534 
lateral view, 531,532 
magnetie resonanee imaging, 662 
meninges, 539-544 
neonatal, 538, 539 
posterior view, 531, 532 
radiographie anatomy, 662, 664-675 
snperior view, 532 
vault, 529, 534 

Sliding esophageal hernia, 50 
Small eardiae vein, 89 
Small intestine 

anatomy, 158, 158, 159,172-179 
development, 186 
versus large intestine, 196,1 97 
mesentery, 162, 177 
pain fibers, 180 

radiographie anatomy. 287, 289,2,90, 230, 
232, 234 
reeognition, 180 
tranma, 180 

Small saphenons vein, 478,487 
Smith’s fraetnre, 380 
Smooth mnsele, 10 
Soft palate, 626,629, 630t 
Sole of foot 

arteries, 483,492,494, 495-496,496, 

497 

cutaneous nerves, 491 

deep faseia, 490,491 

long tendons, 492,494-495 

mnseles, 491-492,492, 493t, 497 

nerves, 483,491,492,494, 496-498,497 

skin, 437, 490, 491 

synovial sheaths, 495 

veins, 496 

Soleal line, 471, 472 
Solens, 487,489t 
Somatie ehest pain, 101 
Somatie nervons system, 20 
Somites, 707 
Sonography 

female pelvis, 289 
uterus, 290, 291 
Spaee of Parona, 400,404-405 
Spasmodie tortieollis, 592 
Speeeh, 649 

Spermatie eord, 128, 128-131 
eoverings, 11 7, 129-130, 130 
structures, 128-129, 129-130 
Spermatie faseia, 116,127,129-130,131 
Sphenoid air sinnses, 535 


Sphenoid bone, 535 
greater wing, 532, 535 
lesser wing, 535 

Sphenoidal sinus, 535, 643, 644, 644t 
Sphenomandibular ligament, 570, 571-572 
Sphenopalatine foramen, 532 
Sphineter 
external, 306 
internal, 306 

Sphineter mnsele, lips, 573t, 582 
Sphineter of Oddi, 199,204 
Sphineter pnpillae, 559 
Sphineter nrethrae, 317, 319, 323t 
Sphineter vaginae, 247 
Sphineter vesieae, 272 
Spigelian hernia, 147 
Spina bifida, 708, 709, 710 
Spinal anesthesia, 100 
Spinal artery, 699 
Spinal eanal, narrowing, 702 
Spinal eord 

anatomy, 697-707 
blood snpply, 699 
injnry, 704 

ejaenlation after, 321 
ereetion after, 321 
ineontinenee after, 311 
mietnrition after, 274, 275 
isehemia, 704 

meninges, 691,696, 697, 699, 700, 701 , 704 
posterior view, 698 

segments, relationship to vertebral nnmbers, 
698, 704 

snbaraehnoid spaee, 719 
Spinal nerve roots 

anatomy, 697, 698, 698-701 
pain, 701 

Spinal nerves, 20-21, 22, 23, 703, 707 

Spinal tap, 704-705, 706, 718 

Spinons proeesses, 425, 425, 513, 517, 683, 692 

Spiral aortieopnlmonary septnm, 92 

Spiral ganglion, 569 

Spiral groove, 343 

Spiral lamina, 569 

Spiral organ of Gorti, 569 

Splanehnie nerves, 25 

Spleen 

anatomy, 159, 159-160 
blood snpply, 206 
development, 206 
enlargement, 206 
loeation and deseription, 203, 205 
lymph drainage, 206 
nerve snpply, 206 
relations, 203, 206 
supernumerary, 206 
surface markings, 152 
tranma, 206 
Spleneetomy, 204 
Splenie artery, 184,191, 206 
Splenie vein, 194,219 
Splenins, 695 
Splenins eapitis, 695 
Splenins eervieis, 695 
Spondylolisthesis, 693 
Squamotympanic fissnre, 532 
Squamous proeess, 532 


Stab wounds, abdominal, 147 
Standing immobile, 511 
Stapedins, 586t 
nerve to, 568, 613 
Stapedins mnseles, 562, 566 
Stapes, 566 

Staphylococcus aureus infeetion skin, 6 
Stellate ganglion 
nerve bloek, 621 
Stenosing synovitis, 393 
Stenosing tenosynovitis, 393 
Sternal angle, 35, 36, 50,418, 423 
Sternoelavienlar joint 
anatomy, 362, 363 
disloeation, 363 
injnry, 363 

movements, 362, 363 
Sternoelavienlar ligament, 362 
Sternoeleidomastoid, 591-592 
Sternohyoid, 589t 
Sternothyroid, 589t 
Sternnm 

anatomy, 35, 36 
body, 35 

eostal eartilages with joints, 39 
fraetnre, 44 
joints, 39 

marrow biopsy, 35 
Stomaeh 

anatomy, 157-158,158, 171-172 

arteries, 172 

eaneer, 174 

development, 186 

loeation and deseription, 171-172 

lymph drainage, 172 

nerve snpply, 172 

radiographie anatomy, 230-231,231,233 

relations, 172 

rotation, 166,169 

snrfaee markings, 154 

tranma, 174 

veins, 172 

Stomodenm, 583,623 
Strabismns, 561-562 
Straight sinus, 544 
Strangulated hernia, 460 
Stress ineontinenee, 252 
Styloglossns, 625t 
Stylohyoid, 589t 
Stylohyoid ligament, 596 
Styloid mnseles, vessels, and nerves, 597 
Styloid proeess, 378,426, 532 
Stylomandibnlar ligament, 572 
Stylomastoid foramen, 533 
Stylopharyngens, 614, 634, 635t 
nerve to, 614 

Snbaeromial bnrsitis, 360, 361 
Snbaraehnoid eisternae, 543 
Snbaraehnoid hemorrhage, 543 
Snbaraehnoid spaee, 700, 705, 710, 715 
bloek, 705 

myelography, 710, 714, 715 
Snbeapital fraetnre, 442 
Snbelavian artery 

branehes, 361, 599-600 
eompression, 600 
first part, 599-600 
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left, 599 

palpation and eompression, 600 
right, 599 
seeond part, 600 
third part, 600 

Snbelavian lymph trnnk, 357 
Snbelavian vein 
anatomy, 601, 662 
thrombosis, 602-603 
Snbelavins, 348t 

nerve to, 352, 352, 353 
Snbeostal angle, 50 
Snbeostal artery, 97 
Snbeostal nerve, 41 
Snbeostal plane, 152 
Snbeostal vein, 94 
Snbentaneons emphysema, 60, 78 
Snbdnral hemorrhage, 543 
Snbdnral spaee, 700 
Snbfaseial spaee, 406 
Snblingnal dnets, 634 
Snblingnal fold, 622 
Snblingnal fossa, 569 
Snblingnal gland, 633, 634 
Snbmandibnlar fossa, 569 
Snbmandibnlar ganglia, 27 
Snbmandibnlar ganglion, 611,611 
Snbmandibnlar gland, 631, 633, 633 
Snbmandibnlar nodes, 603 
Snbmandibnlar region, 575 
Snbmental artery, 580 
Snbmental nodes, 604 
Snbmental triangle, 596, 676 
Snbphrenie spaees, 163, 164,167, 198 
Snbsartorial eanal, 440,456, 457, 520, 520 
Snbseapnlar artery, 351 
Snbseapnlar fossa, 340 
Snbseapnlar nerve, 353 
Snbseapnlaris, 349t 
Snbseapnlaris bnrsa, 364 
Snbstantia nigra, 547 
Snbtalar joint 

artienlation, 472, 507 
eapsnle, 507 
ligaments, 505, 507 
movements, 507 
synovial membrane, 507 
type, 507 

Snbtarsal snlens, 550 
Snlei, 545 

Snlens ealeanei, 475 

Snlens ehiasmatis, 535 

Snlens tali, 475 

Snlens terminalis, 82, 626 

Snpereiliary arehes, 530 

Snpereiliary ridges, 663 

Snperfieial, defined, 3 

Snperfieial arteries, lower limb, 437 

Snperfieial eervieal artery, 361, 600 

Snperfieial eervieal faseia, 587 

Snperfieial eervieal lymph nodes, 590 

Snperfieial eervieal nodes, 604 

Snperfieial circumflex iliae artery, 438, 461 

Superficial circumflex iliae vein, 452 

Snperfieial epigastrie artery, 438, 461 

Snperfieial epigastrie vein, 452,452 

Snperfieial external pndendal artery, 438, 461 


Snperfieial external pndendal vein, 452,452 
Snperfieial faseia, 7, 312, 314, 315, 316, 587, 590 
Snperfieial infrapatellar bursa, 470, 501 
Superficial inguinal lymph nodes, 438, 454, 

460,520 

Snperfieial ingninal ring, 116,127,134,135, 151 
Snperfieial mnseles, 693 
Snperfieial palmar areh, 387, 389,402,428 
Snperfieial perineal pouch 
anatomy, 314, 315, 317 
female, 305, 317, 322, 322-323 
male, 308,315,318,319 
Snperfieial peroneal nerve, 437,480-482, 481, 
486,487,498 
Snperfieial plexus, 73 

Superficial sensory nerves, upper limb, 367, 369 
Superficial temporal artery, 598 
Superficial temporal vein, 600 
Snperfieial transverse perineal mnsele, 318, 319, 
323t 

Snperfieial veins, 452,474, 487 
legs, 481,484 

lower limb, 438, 451-452,452, 453 
upper limb, 369, 369 
Superior, defined, 3 

Snperior aeromioelavienlar ligament, 364 
Snperior alveolar nerve, 610 
Snperior angle, 53 
Snperior eardiae braneh, 619 
Snperior eerebellar pednneles, 548 
Snperior eerebral vein, 544 
Snperior eervieal ganglion, 619 
Snperior eollienli, 547 
Snperior eonehae, 530 
Snperior eonstrietor mnsele, 634,635, 635t 
Snperior epigastrie artery, 46,125 
Snperior extensor retinaculum, 481,481,482, 
483 

Superior forniees, 550 
Snperior gemellns, 447t 
Snperior glnteal artery, 257,445,446, 449 
Snperior glnteal nerve, 446, 448 
Snperior hemiazygos vein, 94 
Snperior hypogastrie plexus, 255-256 
Superior iliae spine 

anterior, 122,126, 151, 258, 259, 260,437 
posterior, 151, 259, 260,437 
Snperior intereostal artery, 600 
Snperior labial artery, 580 
Snperior laryngeal nerve, 614 
Snperior lobar bronehns, 65 
Snperior meatns, 640 
Snperior mediastinnm, 59 
Snperior mednllary vela, 548 
Snperior mesenterie artery, 179,181, 192-193 
Snperior mesenterie plexus, 224 
Superior mesenterie vein, 195, 219 
Snperior mesenterie vein thrombosis, 180 
Snperior nnehal lines, 532 
Snperior oblique muscles, 556 
Superior ophthalmie vein, 555 
Snperior orbital fissnre, 535, 553 
Snperior panereatieodnodenal artery, 192 
Snperior parathyroid glands, 660, 661 
Snperior peroneal retinaculum, 481 
Superior petrosal sinus, 536 
Superior ramus, 555 


Superior reetal artery, 194, 257,265, 267 
Superior reetal vein, 265, 312 
Snperior reetns, 55It, 556, 556-558, 

558, 559 

Snperior sagittal sinus, 534 
Superior sagittal venous sinus, 707 
Superior salivary nucleus, 621 
Superior semicircular eanal, 535 
Snperior temporal gyrus, 546 
Superior temporal lines, 532 
Snperior thyroid artery, 598 
Snperior ulnar eollateral artery, 378 
Snperior vena eava 
anatomy, 56, 82 
eollateral eirenlation, 221 
obstrnetion, 126 
Snperior vertebral noteh, 684 
Snperior vesieal artery, 256 
Supernumerary nipple, 338 
Supernumerary renal arteries, 213 
Supernumerary spleen, 206 
Snpination of forearm, 3 
Snpinator, 397t 
Snpinator erest, 379 
Snpine, defined, 3 
Supraclavicular nerve 
intermediate, 587 
medial, 587 

Supraclavicular nerves, 367 
Supraclavicular triangle, 596 
Snpraeondylar fraetnres, 343, 344 
Snpraeondylar ridge, 439,443 
Snprameatal erest, 532 
Snprameatal spine, 533 
Snprameatal triangle, 533 
Snpraorbital arteries, 555 
Snpraorbital nerves, 555 
Snpraorbital noteh (foramen), 530, 553 
Snpraorbital vein, 578 
Snprapatellar bursa, 470, 500, 501 
Suprapleural membrane, 43,43 
Snprarenal glands 
anatomy, 159, 160 
blood snpply, 215 
brith tranma, snseeptability, 216 
development, 216 
loeation and deseription, 211,213 
lymph drainage, 215 
nerve snpply, 215 
Suprascapular artery, 361, 600 
Suprascapular ligament, 361 
Suprascapular nerve, 354t, 360, 361 
Suprascapular noteh, 340 
Supraspinatus, 349t 
rupture, 360 
tendinitis, 360 
Supraspinous fossa, 340 
Supraspinous ligament, 689, 690 
Snprasternal noteh, 50, 51,52, 418,423,424 
Snpratroehlear arteries, 555 
Snpratroehlear lymph node, 378, 382 
Snpratroehlear nerves, 555 
Snpratroehlear vein, 578 
Sural nerve, 437, 487,498 
Snrgieal ineisions, abdominal wall, 114, 
147-148 

Snrgieal neek fraetnres, 343, 344 
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Suspensory ligament, 561 
axilla, 344 
breast, 336, 337 
eye, 558, 561 
ovary, 279, 279 

Suspensory ligament of the eye, 558 
Sustentaculum tali, 475 
Sutural ligament, 529 
Sutures, 529 
Swallowing, 638-639 
Sweat gland, 5 
Sympatheetomy 
Inmbar, 524 
upper limb, 620 

Sympathetie postganglionie nerve snpply, 551 
Sympathetie system 

abdominal part, 222-224, 223 
afferent fibers, 26 
branehes, 100,223-224 
eervieal part, 619 
efferent fibers, 24-26 
head, 619 
pelvie part, 255 
Raynand disease and, 100 
spinal anesthesia and, 100 
thoraeie part, 99-100 
Sympathetie trunk, 255 
Symphysis menti, 538, 569, 676 
Symphysis pubis, 12,151,242,249,258,259,260, 
304, 329, 331,439,513 
Synapse, 24 
Syndaetyly, 416 
Synergist, mnsele, 8 
Synovial fluid, 13 
Synovial joint, 12-13,13 
Synovial membrane, 12 
ankle joint, 506 

hip joint, 451,467, 467-468,468 
knee joint, 500-501 
shonlder joint, 364 
snbtalar joint, 507 
temporomandibnlar joint, 572 
Synovial sheath, 15 

infeetion, 16, 384, 399,417 
tranma, 16 
Syringomyelia, 15 
Syringomyeloeele, 709 

T 

Tables, bone, 30 
Talipes ealeaneovalgns, 512 
Talipes equinovarus, 512, 513 
Taloealeaneal ligament, 475, 507 
Taloealeaneonavienlar joint, 472 
artienlation, 507 
eapsnle, 507 
ligaments, 507 
movements, 507 
synovial membrane, 507 
type, 507 

Talofibnlar ligament 
anterior, 506 
posterior, 506 
Talus, 473,474, 475 
Tarsal artery, lateral, 498,499 
Tarsal bones, 473, 473-475,474 
Tarsal glands, 550 


Tarsal j oints 

ealeaneoenboid joint, 472,496,497, 507 
cuboideonavicular joint, 508 
cuneonavicular joint, 507 
interenneiform and cuneocuboid joints, 508 
snbtalar joint, 472, 507 
taloealeaneonavienlar joint, 472, 507 
Tarsal plates, 550 
Tarsometatarsal joint, 508 
Taste fibers, 568 
Teetnm, 547 
Teeth, 623,624 
Tegmen tympani, 535 
Tegmentnm, 547 

Temporal artery, snperfieial, 578, 579, 581, 596, 
598 

Temporal bone, 532 
Temporal fossa, 532 
Temporal lobes, 535 
Temporal nerve, deep, 610 
Temporal vein, snperfieial, 578, 579 
Temporalis, 574t, 663 
Temporomandibnlar joint 

anatomy, 571, 571-574, 572, 573t-574t, 575 
artienlation, 571, 571 
eapsnle, 571 

elinieal signifieanee, 574 
disloeation, 574 
ligaments, 571,571-572, 572 
movements, 572 
nerve snpply, 572 
palpation, 663 

synovial membrane, 572, 572 
type, 571, 572 

Temporomandibnlar ligament, lateral, 571 
Tendinitis 

rotator cuff, 360, 361 
supraspinatus, 360 
Tendo ealeanens, 487, 523 
Tendon, 8 

Tendon reflex, 23,429, 524 
Teniae eoli, 180 
Tennis elbow, 393 
Tenosynovitis, 399-400 
Tensor faseiae lata, 446,447t 
Tensor tympani, 566 
Tensor veli palatini, 630t 
Tentorial noteh, 539 
Tentorinm eerebelli, 535, 536 
Teres major, 349t, 350 
Teres minor, 349t, 361 
Testienlar artery, 128 
Testienlar vein, 128 
Testis 

anatomy, 129, 131, 333 
blood snpply, 132 
eaneer, 132 

elinieal eonditions, 132,132 
eongenital anomalies, 133 
deseent, 133,130 
development, 133,134 
lymph drainage, 130, 132 
maldeseent, 133,135 
torsion, 132 
Tetralogy of Fallot, 92 
Thenar eminenee, 400 
Thenar spaee, 404 


Thigh 

anterior aspeet, 520 

baek, 437,438,450,452,464, 465-467,466, 
466t 

cutaneous nerves, 437, 450,451,465 
intermediate, 437, 451,463 
lateral, 437, 450 
medial, 437, 451,463 
posterior, 437,445, 448 
deep faseia, 438,440, 455,456 
faseial eompartments 
anterior 

blood snpply, 461-463 
eontents, 455-463 
lymph nodes, 455, 463 
mnseles, 455-459,457, 458t, 459 
nerve snpply, 440,455,456, 463,463 
medial 

blood snpply, 440,457,462, 463-465 
eontents, 462, 463-465 
mnseles, 456,457,462, 463,464 
nerve snpply, 462, 465,465 
posterior, 437,445, 448 
blood snpply, 462, 466 
eontents, 465-466,466, 466t 
medial aspeet, 450-465 
mnseles, 465,466t 
nerve snpply, 464, 466,466, 467 
skin, 450-454 
front, 450-465 
ingninal lymph nodes, 454 
lymphaties, 438, 465 
medial aspeet, 450-465 
skin, 437, 465 

snperfieial faseia, 454-455,455 
snperfieial veins, 451-452,452, 465 
snrfaee markings, 519 
transverse seetion throngh, 456 
Third ventriele, 548 
Thoraeie artery 
highest, 351 
internal, 40,42, 46 
lateral, 350, 351 
Thoraeie blood vessels, 56-57 
Thoraeie eage, 35,43 
Thoraeie eavity 
anatomy, 263 

bronehi, 65, 65-67,67, 70, 71 
ehest eavity, 59 
diameter, 76-77 
esophagns, 100 
dnring expiration, 77 
heart, 79-86. See also Heart 
dnring inspiration, 76-77 
lung, 67, 70- 79. See also Lung 
mediastinnm, 59-61, 60, 61 
perieardinm, 79, 91 
plenra, 27, 29, 61,61-63,62, 63 
thorax. See Thorax 
thymns, 100 
traehea, 63-64, 65 
Thoraeie dermatomes, 101 
Thoraeie duct, 19, 98-99 
Thoraeie nerves, 20 
Thoraeie ontlet, 38, 38, 39 
Thoraeie ontlet syndrome, 39 
Thoraeie respiration, 77 
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Thoraeie vein, internal, 46 
Thoraeie vertebra, 35, 53, 717 

anatomy, 36, 685, 687, 708, 712, 713 
spinons proeesses, 35, 53,425,425 
Thoraeie wall 
anatomy, 35-57 

anterior ehest wall, 36, 50, 51, 52 
apexbeat, 51 
axillary fold, 53 
eostal eartilage, 36, 37, 38-39 
diaphragm, 36, 44-46,49 
endothoraeie faseia, 39 
heart, 55-56, 56 
intereostal arteries, 40, 41,42 
intereostal mnseles, 39-40,40 
intereostal nerves, 40, 41-43,42 
intereostal spaees, 39,40 
intereostal veins, 40, 41,42 
internal thoraeie artery, 40,42, 46 
internal thoraeie vein, 46 
levatores eostarnm, 46-47 
lines of orientation, 54 
Inngs, 54, 54-55, 55 
lymph drainage, 50, 51 
mammary gland, 52, 57 
nipple, 51 
plenra, 54, 55, 55 
posterior ehest wall, 53, 53, 54 
radiographie anatomy. See Thorax, radio- 
graphie anatomy 
rib, 35-38, 36, 37, 38, 50-51 
serratns posterior, inferior, 47,49t 
serratns posterior, snperior, 47 
sternnm, 35, 36 
strnetnre, 35-49 
snpraplenral membrane, 43,43 
snrfaee anatomy, 50-57 
snrfaee landmarks, 54, 54 
thoraeie blood vessels, 56-57 
thymns, 63, 100 
traehea, 54, 54 

npper limb and, mnseles eonneeting, 348 
Thoraeoabdominal pnmp, 45-46 
Thoraeoaeromial artery, 351 
Thoraeodorsal nerve, 347, 352, 353, 354t 
Thoraeolnmbar faseia, 695 
Thoraeostomy, 46 
Thoraeotomy, 46,47,48 
Thorax 

age-related ehanges, 50 

anterior view, 52,423 

aorta, 95-98 

azygos veins, 94, 96 

braehioeephalie veins, 79, 80, 93, 96 

eross seetion, 60, 63 

eross-seetional anatomy, 102 

inferior vena eava, 94 

large arteries, 95-98 

large veins, 93-95 

lateral view, 36 

lymph nodes, 98-99 

nerves, 99-100 

openings, 39 

phrenie nerves, 99 

posterior view, 52 

pnlmonary trnnk, 97 

pnlmonary veins, 95 


radiographie anatomy, 102-112 

bronehography, 102,104-105,106,107 
eompnted tomography, 107,112 
eoronary angiography, 107,112 
left oblique radiograph, 105,110,111 
posteroanterior radiograph, 102,104-105, 
106,107 

right oblique radiograph, 105,108,109 
superior vena eava, 84, 93-94 
sympathetie trunk, 99-100 
tranmatie injnry, 44 
upper lateral part, 684, 718, 718 
vagus nerves, 99-100 
Thumb 

abduction, 400 
addnetion, 400 
earpometaearpal joint, 412 
floating, 416 

movements, 413, 413-414,414 
opposition, 400 
short mnseles, 400 
Thymns, 63, 100 
blood snpply, 100 
Thyroarytenoid mnsele, 648t 
Thyroeervieal trunk, 600 
Thyroepiglottie mnsele, 648t 
Thyroglossal eyst, 659,660 
Thyroglossal duct, 659 
persistent, 659 

Thyroglossal sinus (fistula), 659 
Thyrohyoid, 589t 

Thyrohyoid membrane, 645, 646, 676,678 
Thyroid artery 
inferior, 600 
snperior, 598 

Thyroid eartilage, 645, 645, 676 
Thyroid gland 
agenesis, 659 

blood snpply, 657-658,658 
development, 659, 660 
fimetions, 658 

ineomplete deseent, 659,660 
isthmns, 676,677, 678 
loeation and deseription, 657,658 
lymph drainage, 658 
nerve snpply, 658 
swellings, 658 
traehea and, 65 
Thyroid tissne, eetopie, 659 
Thyroid veins, inferior, 658, 676 
Thyroidea ima, 658 
Thyroidea ima artery, 658, 676 
Thyroideetomy, 659 
Tibia 

anatomy, 470, 470-471,472, 521 
fraetnres, 472 

intraosseons infiision in infant, 472 
Tibial artery 

anterior, 477,480,482, 485 
posterior, 523 
Tibial nerve 

anatomy, 441,450,464,466, 467,476,477, 
478,483,488, 489 
branehes, 450,476,477, 490 
injnry, 450, 525 
posterior, 523 
Tibial plateans, 470 


Tibial tnberosity, 471 

Tibialis anterior, 484t 

Tibialis posterior, 489t, 521 

Tibialis posterior tendon, 493t, 495,497 

Tibiofibnlar joint 

distal, 504, 504-505, 505 
proximal, 470, 504 
Tinnitns, 617 
Toe 

big, metatarsophalangeal joint, 508 
curly, 512 
overriding, 512 
Tone, mnsele, 9,14 
Tongne 

anatomy, 623-626, 624, 625t, 626 
blood snpply, 624 
development, 625-626 
frenulum, 626 
laeeration, 625 
lymph drainage, 624 
movements, 625,626 
mucous membrane, 624,624 
mnseles, 624, 625t 
sensory innervation, 625 
undersurface, 621 
Tonsil 

lingnal, 624 

palatine, 627,629, 636,637, 639 
pharyngeal, 634,636 
Tonsillar erypts, 639 
Tonsillitis, 636 
Tonsils, 636 
Tooth, 623,624 
Tortieollis 

eongenital, 592 
spasmodie, 592 
Trabeenlae, 28 
Trabeenlae earneae, 83 
Traehea 

anatomy, 54, 54, 63-64,65, 68, 69 

bifiireation, 67 

blood snpply, 64 

eompression, 65-66 

data eoneerning, 720t 

deseription, 651,653 

development, 75 

first ring, 676 

lymph drainage, 64 

nerve snpply, 64 

relations 

in neek, 586, 651 
in snperior mediastinnm, 64 
thoraeie part, 65 

Traeheal (paratraeheal) nodes, 604 
Traehealis, 64 

Traeheobronehial nodes, 73 
Traeheoesophageal fistnla, 75, 76 
Traeheostomy, 654, 655 
Transfnsion, blood, 370 
Transpylorie plane, 152 
Transreetns ineision, 148 
Transversalis faseia, 137 
Transverse aeetabnlar ligament, 451,467 
Transverse areh 
anatomy, 508, 509 
maintenanee, 509, 510 
Transverse arytenoid mnsele, 648t 
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Transverse eervieal ligament, 287, 288, 288 
Transverse eervieal nerve, 618 
Transverse eolon 

anatomy, 155,158, 159,182-183 
development, 186-187 
Transverse ereases, 426 
Transverse entaneons nerve, 587 
Transverse faeial artery, 579, 581 
Transverse faeial vein, 581 
Transverse faseia, deep, of leg, 480, 487 
Transverse hnmeral ligament, 364 
Transverse ineision, 148 
Transverse mesoeolon, 162 
Transverse perineal mnsele 
deep, 320 

snperfieial, 318, 319 
Transverse planes, 3 
Transverse proeess, of coccyx, 245 
Transverse reetal fold, 264 
Transverse sinns, 79, 536 
Transverse tarsal joints, 507 
Transversns, 116, 120,124t 
Trapezinm bone, 426 
Trapezins, 349t 
Trapezoid bone, 379 
Tranma, 252, 525, 526 
Tranma, ineontinenee after, 311 
Tranmatie asphyxia, 91 
Tranmatie injnry, 524 
Trendelenbnrg s sign, 469,470 
Triangnlar ligaments, 161,197 
Tribntary, 17 
Trieeps, 374t 

Trieeps tendon reflex, 23,429 
Trienspid valve, 67, 91 
Trigeminal eave, 608 
Trigeminal ganglion, 535 
Trigeminal nerve 

anatomy, 607-608, 609 
integrity testing, 617 
mandibnlar nerve (V3) division, 610 
maxillary nerve (V2) division, 608, 610 
ophthalmie nerve (VI) division, 608 
otie ganglion, 610 
pterygopalatine ganglion, 610 
snbmandibnlar ganglion, 611, 611 
Trigeminal nenralgia, 580 
Trigger finger, 400 
Trigone, 272 
Triquetral bone, 379 
Troehanter 

greater, 439,443 
lesser, 439,443 

Troehanterie anastomosis, 449,451 
Troehanterie fracture, 443 
Troehlea, 343 
Troehlear nerve, 555 
anatomy, 607,608 
integrity testing, 617 
paralysis, 617 
Troehlear noteh, 379 
True pelvis 

arteries, 256-257 
fractures, 251 
trauma, 252 
Truncus arteriosus, 92 
Ttegmen tympani, 535 


Tubal elevation, 634, 636 
Tubal ligation, 285 
Tube thoraeostomy, 45 
Tuber cinereum, 546 
Tuberculosis, 136 
Tuberculous arthritis, 15 
Tuberculum impar, 625 
Tuberculum sellae, 535 
Tumor 

mediastinal, 60 
mesenterie, 180 
renal, 210 
saeral plexus, 255 
Tunica albnginea, 131,133,280 
Tnniea vaginalis, 117, 131,132,133, 151 
Tympanie eavity, 562, 563, 564, 565-568, 566t, 
567 

Tympanie membrane, 566 
at birth, 539 
examination, 562 
seeondary, 565 
Tympanie nerve, 568 
Tympanie part of temporal bone, 538 
Tympanie plate, 532 
Tympanie plexus, 568 
Tympanie proeess, 532 
Tympanie sulcus, 566 

U 

Ulna 

anatomy, 378-379, 379 
fraetnres, 380 
head, 426 

posterior border, 426 

Ulnar artery, 387, 392, 394,401,402,402, 426, 
427 

Ulnar bursa, 399 
Ulnar eollateral artery, 378 
Ulnar nerve 

anatomy, 353, 356, 372, 375-376 
branehes, 356 

damage, after elbow joint injnry, 408 
deep braneh, 369, 384,401,404 
deep terminal braneh, 401 
injnry 

at elbow, 433,434 
at wrist, 433 
muscular branehes, 404 
palmar cutaneous braneh, 398 
palpation, 426 

posterior cutaneous braneh, 406 
snperfieial braneh, 385, 392, 404 
Ulnar noteh, 378 
Ultimobranchial bodies, 659 
Umbilical artery, 256 
anatomy, 256 
eatheterization, 142 
Umbilical eord, tying, 141,141 
Umbilical hernia, 141,146 
Umbilical ligament, median, 271,280 
Umbilical vein eatheterization, 143 
Umbilical vessel eatheterization, 142, 142-143 
Umbilicus, 114 
anatomy, 151 

eongenital defeets, 141,141 
development, 138,140 
infeetion, 114 


Umbo, 566 
Uncinate proeess, 201 
Unipennate mnsele, 8 
Upper arm 

faseial eompartments 
anterior 

eontents, 356, 370-376, 371,372, 373, 
375 

mnseles, 370, 372, 373, 374t 
structures passing throngh, 373, 374 
posterior 

eontents, 376-378 
mnseles, 374t, 376, 376 
structures passing throngh, 376, 
376-377, 377 
skin, 367, 369-370 
snperfieial lymphaties, 370 
snperfieial sensory nerves, 367, 369 
snperfieial veins, 369, 369 
Upper limb. See also speeifie anatomy 
anatomy, 335-434 
arterial insnffieieney, 620 
arteries, 371 
injnry, 428 
innervation, 428 
palpation and eompression, 428 
eongenital anomalies, 416,417 
development, 415-416,416,417 
joints, 406-408 

nerves, elinieal notes on, 429-433 
radiographie anatomy, 418,418,423 
snperfieial lymphaties, 370 
snperfieial veins, 369, 369 
snrfaee anatomy, 424 

thoraeie wall and, mnseles eonneeting, 348t 
vertebral eolnmn and, mnseles eonneeting, 
349t 

Upper subscapular nerve, 354t 
Urachus, patent, 141 
Ureter 

anatomy, 209-211 

bifid,213,215 

blood snpply, 211 

eongenital anomalies, 215 

eonstrietions, 271 

female, 278, 278, 279 

injnry, from hystereetomy, 289 

loeation and deseription, 208, 209 

lymph drainage, 211 

male, 269,271,271 

nerve snpply, 211 

posteaval, 213, 215 

radiographie anatomy, 235, 237-238, 239 
relations, 211 
snrfaee markings, 155 
tranma, 212 
Ureteric bud, 212 
Ureteric calculi, 273 
Ureteric stones, 212 
Urethra 

development, 280 
female, 305, 322, 324, 324 
infeetion, 321, 325 
injnries, 325 
male, 305,317,318, 320 
membranons, 317, 320 
penile, 317, 320 
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prostatie, 317, 320 
rupture, 321 
IJrethral erest, 278 
IJrethral groove, 327, 328 
IJrethral meatus, 316 
external, 332 
IJrethral plate, 327 
IJrinary bladder, 260, 260 

after spinal eord injnry, 274, 275 

anatomy, 267, 271-273, 272, 273, 275 279 

development, 280, 281 

distension, 274 

exstrophy, 280, 282 

female, 267, 279 

injnry, 274 

loeation and deseription, 271-272, 272 
lymph drainage, 272 
male, 271-273,275 
mietnrition, 273, 273, 275 
nerve snpply, 273 
palpation, 273-274 
snrfaee markings, 155 
IJrinary ineontinenee, 280 
IJrinary system, data eoneerning, 72 It 
IJrinary traet 

anatomy, 206-211 

radiographie anatomy, 235, 237-238, 239 
Urine, extravasation, membranons layer of 
snperfieial faseia and, 115 
Urogenital diaphragm, 314-315, 315, 317 
Urogenital membrane, 327 
Urogenital mnseles, 323t 
Urogenital triangle, 304, 309, 312, 314-325, 
315-318 

female, 305, 308, 317, 318, 320-325,323t, 324 
male, 305,315,315-316,316,317,318,319-320 
snperfieial faseia, 312, 314, 315, 316 
snperfieial perineal pouch, 314, 315, 317 
urogenital diaphragm, 314-315, 315, 317 
Urorectal septnm, 269, 270, 280, 312 
Uterine artery, 257 
Uterine cervix, 254 
Uterine tube 

blood supply, 284 
as conduit for infeetion, 285 
development, 285 
fimetion, 284 
ligation, 285 

loeation and deseription, 278, 279, 284, 284 
lymph drainage, 284 
nerve snpply, 284 
Uterus, 260, 260-261 
after menopause, 288 
after paramesonephrie duct fiision failnre, 

291 

agenesis, 291 

bimannal examination, 289 
blood snpply, 279, 284, 287 
in ehild, 288 
development, 291 
fimetion, 285 

implantation of fertilized egg in, 292 
infantile, 291 
in labor, 288 

levatores ani mnseles and perineal body, 287, 
287-288, 288 

loeation and deseription, 284-285, 285 


lymph drainage, 287 
nerve snpply, 287 
positions, 285 
in pregnaney, 155,288 
prolapse, 289 

pnboeervieal ligament, 278, 287 288, 288 
relations, 267, 279, 285 
round ligament, 288 

saeroeervieal ligament, 278, 287, 288, 288 
sonography, 290, 291 
structure, 285,287 
supports, 287 

transverse eervieal (eardinal) ligament, 288 
Utricle, 568, 569 
Uvula 

angioedema, 628 
eleft, 631 

development, 628 
Uvula vesieae, 272 

V 

Vagal trunk 
anterior, 172 
posterior, 172 
Vagina 

agenesis, 296 
blood snpply, 325 
development, 296 
donble, 296 

examination, 295-296, 326 
fimetion, 295 
imperforate, 296 

loeation and deseription, 267, 287, 292, 
294-295, 305, 322, 325 
lymph drainage, 295, 325 
nerve snpply, 295, 325 
prolapse, 295 
relations, 294-295 

snpports, 267, 267, 287, 288, 295, 325 
tranma, 296 
Vaginal artery, 257 
Vaginal orifiee, 324, 333 
Vaginal prolapse, 252 
Vagus nerve 

anatomy, 614,615 
branehes, 99 
dorsal nucleus, 621 
integrity testing, 617-618 
Vallate papillae, 624 
Valleenla, 636 
Valvnlar heart disease, 91 
Valvnlar heart murmurs, 91 
Varieoeele, 132, 210 
Varieosed veins, 289,453 
Vas deferens, 131,151 
anatomy, 128, 271,275 
artery to, 256 
Vaseetomy, 131 
Vastns intermedins, 458t 
Vastns lateralis, 458t 
Vastns medialis, 458t 
Vein, 17 
Vena eava 

inferior, 82-85 

anatomy, 216, 217, 218,219 
eollateral eirenlation, 221 
eompression, 219, 221 


obstrnetion, 126 
tranma, 219, 221 
tribntaries, 216, 218,219 
snperior, 56, 82 

eollateral eirenlation, 221 
obstrnetion, 126 
Venae eomitantes 

of anterior tibial artery, 485 
of posterior tibial artery, 488 
Venipuncture, 370 
Venous areh, dorsal 
foot, 452, 498, 523 
hand, 406,427 

Venons blood sinnses, brain, 544 
Venons laennae, 544 
Venons plexus 
prostatie, 277 
vertebral, 695 
vesieal, 272 

Venous thrombosis, deep, 489 
Ventral hypothalamns, 546 
Ventriele, 91 
brain, 545, 548 
development, 92, 96 
lateral, 546, 548 
left, 84, 85 
right, 82, 83,84 
third, 548 

Ventrienlar septal defeet, 92 
Ventrienlar septnm, 85 
Vennle, 17,18 
Vermis, 548 
Vertebra 
eervieal 

anatomy, 710, 711 
fraetnre, 693,693 
seventh, 53 

spinons proeesses, 425,425 
eharaeteristies, 683, 684-687,685, 687 
Inmbar, 135,135, 712-716 
nnmbers, relationship to spinal eord segment, 
698, 704 

snrfaee anatomy, 717,718 
thoraeie, 35, 53 

anatomy, 35, 36, 712, 713 
development, 708 
spinons proeesses, 35, 53,425,425 
variations, 687 

Vertebra prominens, 53,425,686, 687, 717 
Vertebral areh, 683 
Vertebral artery, 599 
Vertebral body, 707 
Vertebral eolnmn. See also Vertebra 
abnormal enrves, 691 
anteroposterior radiograph, 710, 711 
coccyx, 685, 687 
eomposition, 683, 684, 685 
eompnted tomography, 715, 716, 717 
enrves, 690-691,691, 708, 719 
development, 707-708 
disloeation, 692,693 
fraetnre, 692-693, 693 
intervertebral dises, 689, 689-690 
joints 

atlanto-oeeipital, 687-688, 688 
atlantoaxial, 688, 688-689 
below axis, 689,689 
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Vertebral column (Continued) 
nerve supply, 690,690 
between two vertebral arehes, 

689, 690 

between two vertebral bodies, 689, 
689-690 

lateral radiograph, 711 
lateral view, 685 

magnetie resonanee imaging, 717, 717 
movements, 691-692 
mnseles, 708 

radiographie anatomy, 710, 710, 713-717, 
715,717 

saernm, 685, 687 
spondylolisthesis, 693 
upper limb and mnseles eonneeting, 349t 
Vertebral foramen, 683 
Vertebral noteh, 684 
Vertebral venous plexus, 696 
Vertieal eompression fraetnre, 692 
Vertigo, 568 

Vesieal venous plexus, 272 
Vestibular fold, 645, 646, 647 
Vestibular ganglion, 569 
Vestibnlar gland, greater, 325, 333 
Vestibnlar ligament, 647 
Vestibnlar nerve, 569 
Vestibnle, 324, 332, 333 
Vestibnloeoehlear nerve, 614, 614-615 
Vinenla, 15 
Vinenla brevia, 399 
Vinenla longa, 399 
Viseera, 260-261 
Viseera pleura, 27, 29 
Viseeral ehest pain, 101 


Viseeral pain, 166 

Viseeral pelvie faseia, 276, 278, 288, 296 
Viseeral pelvie wall, 260, 260-261 
Viseeral pleura, 35, 61, 75 
Viseeroptosis, 124 
Visual area, 546 
Visual cortex, 605, 607 
Vitelline duct, 186 
Vitellointestinal duct 
anatomy, 141 
persistent, 187 
Vitreons body, 560, 561 
Voeal fold (voeal eord) 
anatomy, 647 

movements, 646, 647, 648,649 
mnseles, 646, 647, 648t 
visnalization, 650 
Voeal ligament, 647,649 
Voiee prodnetion, 648-649 
Volkmann’s isehemie eontraetnre, 383 
Volnntary muscle. See Skeletal muscle 
Volvulus, 185,264 
Vomer, 530 
Vulva, 324 

anatomy, 324, 331,332, 333 
blood supply, 325 
infeetion, 325 
lymph drainage, 325 
nerve supply, 325 
in pregnaney, 325 
Vulval infeetion, 325 

W 

Waldeyer’s ring of lymphoid tissue, 639 
Walking, 511 


Weight-lifting muscle, 45 
White matter, 20 

White rami communicantes, 24, 223 

Witch’s milk, 337 

Wrist 

anatomy, 410 

anterior aspeet, structures on, 384, 
394-395 
injury, 411 
movements, 411 

posterior aspeet, structures on, 384, 396, 
396-397 

radiographie anatomy, 426-428,427,434 
region, 394-397 
relations, 411 

structures in front, 378, 426,427 
structures on baek, 428 
structures on lateral side, 426-427,427 
snrfaee anatomy, 426-428,427, 434 
Wristdrop, 431 

X 

Xiphisternal joint, 35, 38, 50,151, 418,424 
Xiphoid proeess, 35,151 

Z 

Zygoma, fraetnre, 538 
Zygomatie areh, 538,611,663,675 
Zygomatie bone, 531 
Zygomatie proeess, 532 
Zygomatieofaeial nerve, 579, 580 
Zygomatieotemporal nerve, 576, 577 
Zygomatiens major, 573t 
Zygomatiens minor, 573t 
Zygote, 33 


